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ABSTRACT

The theory, detailed outline of operating and
algorithm procedures of a continuous time-invariant,
linear control state variable systems design and
analysis computer program 1is presented. The program,
SVS, which is based on Melsa’'s LINCON, was modified to
demonstrate Controllability, Observability, Bode Plot,
Root 1locus plot, Nyquist plot, pole placement,
Luenberger observer design, optimal control design,
time response plot and some basic matrix manipulations.
Worked examples with the program output are included.
Some options give only numeric data output; others give
both numeric data and high-resolution graphs. The
software, which is fully interactive, menu driven and
user friendly 1is written 1in Turbo Pascal to be run on
the IBM-PC microcomputers. All options are presented
via option menus and the user will be prompted for all
input parameters.
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I. LINEAR CONTROL STATE VARIABLE SYSTEMS
(SVS) 3

PN A X MO

A. INTRODUCTION TO THE SVS .
SVS 1is software for the IBM-PC microcomputer in \
the analysis and design of continuous time, linear
control systems. These programs are based on the matrix 4 !
mathematics of state variables and were first developed

b by Melsa [Ref. 1] and adapted for batch use at NPS by E
% Desjardins [Ref. 2]. .
; The original 1intent of this thesis was simply to ;
take Desjardins' adapted version of Melsa’s LINCON and g
5 modify it for the 'Turbo Pascal computer language. The '
features of this thesis are: N

- User~-friendly as possible

) - Menu-driven program. <Q>quit key always returns to

the SVS main menu. X
p The hierarchical menu structure 1s three levels s
! deep at any point. So the user, before selecting .

his/her option, can get help at every menu.

. SVS was tested with several examples and 1is now
» available to any user on the Naval PostGraduate School
control laboratory PC’s under the SVS directory name.

=
« B
-

B. SYSTEM REQUIREMENTS

SVS is a large program and requires at 1least S512KB .
of Memory to run. The program will run on any IBM-PC or h
compatible "MS-DOS" computer and requires a standard

' Pl ol S

C

v IBM color Graphics Adapter (CGA) or 1IBM Enhanced
: Graphics Adapter (EGA) card. It will run on either :
monochrome or color monitor, but all menus are R

supported by color, for that reason they are easier to
. work with a color monitor if available. The graphics in
the program are in high resolution (640 X 200) mode.
They only appear 1in the white-on-black. The graphics
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can be dumped to an EPSON, IBM-Graphics, or compatible
printer by using the Shift + PrtSc key.

The program is written in the Turbo Pascal
Language. Turbo Pascal has a 64K data segment and code
sizes 1limitation. Under this restriction, SVS is
compiled as five executable programs and nineteen
"Chain" files. The main program name is SVS in the disk
files. It has extension .COM. The chain files have
extension .CHN and they are not themselves executable.

C. FILES ON THE DISK

A complete list of the files and a brief
description of these are below.

(1) svs.com
(2) INPUT.COM
(3) MATRIX.COM
(4) PLOT.COM
(5) CHANGE.CHN

The executable main menu module }
The input/change menu module )
The matrix mathematics menu module)}
The graphics menu module )

Allows user to change input data
values)

Calculates characteristic
polynomial of A matrix )
Calculates controllability of the
system )

Calculates determinant of the A
matrix )

(6) POLYNOM.CHN
(7) CONTROL.CHN
(8 )DETERMIN.CHN

(9) EIGEN.CHN Shows eigenvalues of the A matrix )
(192 )BODE.CHN Gives Bode plot of the system )
(11)TIMEPLOT.CHN{ Gives time response of the system)
(12)0BSER.CHN { Calculates observability of the
{ system)
(13)LUENBERG.CHN{( Design Luenberger observer to
{ achieve a closed-loop poles of the
( system )}
(14)OPTIMAL.CHN ( Optimal control design program )

AN N AN AN AN A A S AN AN AN AN AN AN
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(15)POLE.COM

(16 )SAVE.CHN
(17)RETRIEVE.CHN
(18)INVERSE.CHN
(19)INPUTDAT.CHN
(20)HELP1.CHN
(21 )HELP2.CHN
(22 )HELP3.CHN
(23 )HELP4 .CHN
(24 )NYQUIST.CHN
(25 )RLOCI.CHN

(26 )ROOTS.CHN

In addition

"system" files that

MAAAAAAAAAAAAAAA#\AAAA

to

To calculate feedback coefficients
to achieve a desired closed-loop
poles }

Saves data to desired drive )
Gets data from desired drive )
To calculate inverse of the A
matrix }

To permit user to enter the input
data for whole system )

Help program for SVS main menu
options)

Help information for the
input/change menu options )

Help information for the matrix
mathematics menu option )

Help information for graphics menu
option )

to calculate Nyquist (polar) plot
of the system )

Root locus plotting procedure)
Shows plant characteristic

.equation roots

these filles,

are needed to run

there are three

the program.

Th=se are 4X6.FON, 8X8.FON and ERROR.MSG files.

D. STARTING TO THE SVS

This software

package has two diskettes. The first
step is to get the SVS

main menu on your screen. All

you have to do is follow these steps:

1. Turn on the power ( or, if it’s already on, the
user reboots the computer ).
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2. Wait for the operating system prompt.

look like one of the following:
C:_

C>_

C\>_

C:\_

C:\>_

<C\»>_

(or some other letter).

The prompt may look somewhat different,
on the computer and how it has been set
Type MD SVS and press <ENTER> key. This

new directory.

Type CD\SVS and press <ENTER> key. This

the new directory.

Insert disk #1 into disk driver A:
Type Copy A:*.* and press <ENTER> key.
Repeat step 5 for disk #2.

Type SVS and press <ENTER> key.

Now the wuser is in the SVS main menu and ready to
work. Make a choice for further step.
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II. INPUT/CHANGE MENU

A. INTRODUCTION TO THE INPUT/CHANGE MENU

The first step, of course, is to enter the A, B and
C matrices into the computer as a common 1input. This
is the starting point of the program. For our case,
the general state variable equations are represented by
the following equations.

x(t 2-1

183 (322}
where A, B, C are given matrices and D is assumed to
have a zero elements for this program.

& X8 1B ud

wun SVS MAIN MENU %*»

(I) Input/Change Plant Matrices Menu

(G) Graphics Menu

(C) Controllability

(0) Observability

(L) Luenberger Observer Design
(D) Design of Optimal Control
(P) Pole Placement

(M) Matrix Mathematics Menu
(H) Help
(Q) Quit the Program

Make Your Selection_
Naval Postgraduate School Ismail UNLU

Figure 2.1 The SVS main menu.
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From the opening menu of SVS, shown in

Figure 2.1,

' we choose the "Input/Change Plant Matrices Menu"

Figure 2.2.

option to bring us to the Input/Change menu shown in

#uun INPUT / CHANGE MENU #*#w

(I) Input Plant Matrices
(C) Change Current Plant Matrices

(L) Load Plant Matrices From Disk

(H) Help
(Q) Quit to SVS Main Menu

Make Your Selection

(S) Save Plant Matrices to Disk File

File

W . R SN VSRR NN T T A

I

Figure 2.2 The input/change menu.

This input/change menu allows the user
common inputs to all programs. These common inputs are

to enter

the plant or A matrix, the input or B matrix and the
output or C matrix. The only restriction is the
dimensions of the matrix. It must be no greater than
18. This means that the maximum matrix size has to be

10X10. However, due +to a user decision,

a dimension

size not to exceed 6 is required. The reasoning behind

this was due, in part, +to the printer.

Since the

output format to the printer is E11, this naturally

limits us to 6 numbers per line. I2 format

)
[ 13
- NN R T T L N T S S L e ",")‘f"-’l'."""" ‘o ‘.-".'_.
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normally considered necessary for good accuracy. For
systems with order greater than 6, every row of the
matrix 1s continued on the second line. After

attempting this, it was decided the results were
difficult to read. Otherwise it is appropriate up to a
19th order system.

B. INPUT PLANT MATRICES

This option is used to initially enter the A, B and
C matrices of the state variable equations (2-1) and
(2-2). For this option, select +the "Input plant
matrices" from the input/change menu. The screen will
prompt the degree of the plant, which is the dimension
of the A matrix. The maximum acceptable degree is 10.
Then it asks for elements of the A matrix and so forth.

Matrices are entered one element at a time
beginning with 1,1 and continuing across the row of the
matrix. The next row is then entered, and the process
continues until all elements have been entered. After
the matrix is entered, the complete matrix is
automatically brought to the screen for review and

possible element changes. If a change to the matrix is
desired the user simply enters +the row and column
number to change after every prompt. Then the program

asks for corresponding matrix elements to change.
After being prompted, the change 1s entered. A review
of the matrix is again brought to the screen. The user
is again prompted for any more possible changes. This
procedure continues until all changes have been done.
The same A matrix procedures are repeated for the B and

C matrices. This input data can be used for the
options without saving to disk file until quitting the :
program. §
A
o
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C. CHANGE CURRENT PLANT MATRICES
This option allows the user to change input data A,

B and C matrices quickly and easily. The user can
change the order and elements of the matrices that were
previously entered. This powerful combination

facilitates both input correction and changes,
especially for higher order matrices during the design
process. First Figure 2.3 appears on the screen. The
user can choose one matrix at a time for correction.
Then the program gives the order and elements of the
selected matrix. In the beginning the user can enter a

#ux Change Current Plant Matrices Procedure e n

Which matrix do you want to change ? PLANT (A) A_
INPUT (B)
OUTPUT (C)

Press <ESC>» to change it!,
Then input your choice with <ENTER> key

Figure 2.3 Change current plant matrices selection.

correction to the order of the matrix. Then, under the
new dimension, can make corrections on elements of the
matrix. The program shows the corrected results on the
screen. At +the end of the program, the wuser
automatically returns to the input/change menu. If the
user wants to change more than one matrix, he/she must
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J choose the "Change Current Plant Matrices" option two
or more times. A Dbasic example for this option is
g illustrated in Figure 2.4.

ﬁ D. SAVE CURRENT MATRICES TO DISK FILE

ﬁ This procedure is used to store plant matrices to
ay! the hard disk or floppy disk file. First it prompts
f drive C as a saving drive. Then asks the user for the
I drive designator (A through E), and filename for the
b problem to be saved. Eight characters of a MS-DOS
E? filename are allowed; the program gives a filename
: extension of ".SVS" to each data. This extension is
% used to limit the disk search for appropriate fiies. A
Wy

o drive and filename are supplied by the program, which
K opens the file and stores the data. The procedure

stores the data as a text file. A text file consists i
K of ASCII characters, and 1is usually designed to hold 3
readable information [Ref. 3].

o
N E. LOAD PLANT MATRICES FROM DISK FILE :
oy The procedure first asks the data drive where the f
g problems are stored. After this 1s done, the program ‘
P calls another procedure called "Directory" [Ref. 4].

This procedure wuses MS-DOS function, calls and shows
'é all available data files on the screen. The user can
2 choose one of the files by moving arrow keys with ;
: <RETURN> key. Then the program opens the file and
‘ reads 1it.
2 The directory displays only the disk files with the
3 extension ".SVS". This eliminates the possibility to
; read other files.
f .
'
‘o 16
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ITI. GRAPHICS MENU

A. INTRODUCTION TO THE GRAPHICS MENU

From the opening menu of SVS, shown in Figure 2.1,
we choose the " Graphics Menu " option to bring us the
Graphics menu shown in Figure 3.1. The Graphics menu
contains five basic options. These are the time
response plot, Nyquist plot, Root 1locus plot,
characteristic equation roots and Bode plot. This menu
is also supported with the "Load plant matrices from
disk file" option. This selection allows the user to
get data from the disk file quickly instead of going
via the SVS main menu route.

#n# GRAPHICS MENU %w%

(L) Load Plant Matrices From disk File

(C) Characteristic Equation Roots
(B) Bode Plot

(N) Nyquist Plot

(T) Time Response Plot

(R) Root Locus Plot

(H) Help
(Q) Quit to SVS Main Menu

Make Your Selection

Figure 3.1 The graphics menu.

B. BODE PLOT

Bode plot analysis can be accomplished with the
Graphics menu by selecting the <B> Bode plot option.
This selection brings Figure 3.2 to the screen. There

18




are two selections for the frequency plot: the
open-loop Bode plot and closed-loop Bode plot. Input
data for this option 1is entered with the Input/change
plant matrices menu selection which 1is explained in
Chapter II. If the user wants the closed-loop Bode
plot, the program automatically calculates for the
negative unity-feedback condition.

uun Bode Plotting Parameters %%

Open (0) or Closed (C) Loop Plot? 0

at is_the first freauency t? be plotted? .1
Example: etc.

How many decades do you want plotted? 4

Figure 3.2 Bode plot parameters selection.

The user also must enter the starting frequency and
number of decades for the plotting. The upper
frequency limit 1is calculated based on the number of
decades. That 1is, if user selects .1 as the starting
frequency with 4 decades, then the upper frequency will
be 1000 rad/sec.

Bode plot displays two plots at the same time.
These are plots of magnitude and phase versus radian
frequency. Magnitude is converted to the decibels unit

using the relation
Magnitudeyp = 20 logjg(magnitude)
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and phase is converted to degrees using the relation

Phaseygegree = (180/¢) Phase

-

.“

Magnitude calculations for the single pole or zero can
be written as

Magnitude = [Realpart? + (w-Imaginarypart)? ]1/2

e

-

[
-~

%

il e e P 4

and the phase calculation is
Phase = Tan~![(w-Imaginarypart)/Realpart].

For the whole system, the magnitude and phase are
calculated for each pole or =zero. Then the final
magnitude 1is

FELE X

N and the phase is

Phasegygtem = Phasezgrog - Phasepgjes

The plots of the magnitude and phase are shown on the
same graph. Coordinate values of 0dB magnitude and
& -180° phase coincide 1in the graph. We know from
control theory that phase margin is read at the zero
crossover of the magnitude curve and the gain margin is
read at the -180° crossover of the phase curve. These
two values can be read directly from the graph. The
Bode routine calculates +the numbers required for the
plots. The procedure "plot-Bode" converts the number
to a graphical display. Within the Bode-plot routine
is a call to the procedure "graph-menu". Graph-menu 1is
called by all procedures which produce a graph. It

provides a small menu offering the user the choice to
add a title to the graph, print the graph on the
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printer, print the number or quit and return to the
menu.

If the user selects the title to graph and it is
completed, the plot is displayed with the title on the
screen. The title block can be moved by using the
cursor arrow keys and relocated anywhere on the screen.
When the title box 1is moved where the user wants, the
<enter> key must be pressed. Then the screen is frozen
in position and +the graph menu 1is recalled on the
screen.

The print numbers selection saves the current
graphic screen and permits the user to print the
numbers used to draw the graph. The numbers may be
printed on the printer (this will use a lot of paper)
or to a disk file. If the disk option is selected, the
user can scan that file with a word processor or by
using the DOS "type" command and examine the points of
interest. This option 1is illustrated on example 3.1.

EXAMPLE 3.1

The example can be stated as follows: Given plant
transfer function

Gp(s)= 100 ( .02 S + 1) (3-1)
pisJ= (s +1) ( .1 s+ 1) (.21 s + 1)2

was rearranged as a state variable equations.

x(t) 8 ?a ? 8 (t) 8 (t)
X = X + u
1) @ ] 1 /)]
-100000 -112000 -12210 -211 1

y(t) = Emeooooo 200000 O m] x(t)

t




a) Obtain the Bode diagram of the above system.
b) Mark the following on the Bode diagram, recording
the numerical values.
1) Gain crossover frequency
2) Phase margin
3) Phase crossover frequency
4) Gain margin
5) Resonant frequency.

Solution:

Given data entered to the program by the selecting
of the "Input Plant Matrices" option in the
input/Change menu. Then the program outputs can be
seen from the Figure 3.3 and Figure 3.4.

(3]
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Figure 3.3 Open loop Bode plot for example 3.1.
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L) Figure 3.4 Closed loop Bode plot for example 3.1.

3 C. TIME RESPONSE PLOT

It is desirable to see the system’s response in the
time-domain to a typical input. Time response can be
calculated and plotted with the SVS program as can the
system input sinusoid, ramp, step or impulse. All
these 1inputs have user selectable amplitudes. Figure

v e w » @ B &

3.5 shows the time response parameter screen.
5 The time response algorithm first converts the A, B
and C matrices to the open loop transfer function, then
into a discrete-time, state-space equivalent. The
theory of the time response plot is not included here.
» Users who want more information about the subject
b should consult reference 4, or any other relevant

textbooks.

EXAMPLE 3.2

For the given system 1in example 3.1, obtain the
time response plot and mark the following on the time
response plot, recording the numerical values.

s 3 8 Bp
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1) Settling time

2) Maximum overshoot for a step input.

Solution:

The program data has already entered for the Bode
plot. The selecting "Time response Plot" in the
graphics menu gives figure 3.6 as a problem solution.

uu% Time Response Plotting Parameters »»

What is your input to the system? STEP (S) S
RAMP (R)
SINE WAVE (W)
IMPULSE (1I)

What is your input amplitude? 1

Input one of these choices, Open (0) or Closed (C) C

Input your simulation time to the system (99max) 1.4

Figure 3.5 Time response parameters screen.

D. NYQUIST PLOT

This section presents the Nyquist plot option.
This selection gives open 1loop and unity-feedback
closed loop Nyquist plot. The program first calculates
open loop transfer function of the plant. Then the
plot 1is obtained by calculating the magnitudes and
phases angle of the transfer function for a specified

24
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Figure 3.6 Time response plot for example 3.2.
..
A’
kv
L4
o
' number of times with a specified 1increment of w.
o
‘ Before proceeding to the Nyquist plot, the program
prompts the menu of Figure 3.7. This parameters screen
/ allows the user to enter additional data for the
E plotting. The graphic window size is given 100X100
J scale if the user selects the big picture option. The
i select own size option asks the user to enter starting
; frequency, number of decades and X,Y coordinates
X maximum and minimum values for the plot. After getting
2 the plot, the procedures are the same as with the Bode
- plot option. rhese are make a title to the graph,
j printer output and l1isting numbers (which are used to
N generate a graph) either to the printer or a specified

file with a given drive name.
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wu» Nyquist Plotting Parameters w#wuw»

Open (O) or (C) Closed loop plot? 0
Graph window (B) or (S) Select your own size? S

Input your first frequency to be plotted? .1
?Exagple: .01, 1, ?00, gtc. 9 P
Input number of decades do you want plotted? 4

S RS

X-Maximum 100
X-Minimum -100
Y-Maximum 100
Y-Minimum -100

i

A

Any changes to these parameters? ( Y / N ) N

Press <F1> to change previous entry

Figure 3.7 Parameters selection for the Nyquist plot.

EXAMPLE 3.3

Figure 3.8 shows the Nyquist plot for the example
3.1 A, B and C matrices.

1
Kid
L | N TN T
¢ -t TRESIS ErgnpLE
L R aile N ™ ~a_
v .\\.
1
H
0 ~ -
o S
e \
\
L3 3
B
-€ «
~
1 T t t +— t t 1 -
1
q ; 1 2 a t ' 5 o 1 .
N
A
Py
Figure 3.8 Example of the Nyquist plot. -
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E. ROOT LOCUS PLOT

This option plots the loci of the closed loop poles
of a system with transfer function G(s) = K N(s)/D(s)
for varying gain. N(s) and D(s) are polynomials of the
plant and the program calculates from the given A, B
and C matrices.

The user is prompted to enter +the starting and
ending gain values, maximum and minimum X,Y coordinate
values and to select either positive or negative
feedback. These plotting parameters are shown on
Figure 3.9. After this input routine, +the program
assumes unity feedback and calculates root locations
for varying gain and plots them.

oW XA NN BB P - W % B HE R ANy ¢ & q

Figure 3.9 Parameters screen for the root locus.

;
E #u% Root Locus Plotting Parameters %

‘ Input STARTING value for the varying gain %)
i Input ENDING wvalue for the varying gain 10
. X-Minimum -100

: X-Maximum 100

Y-Minimum -100
Y-Maximum 100
Positive or Negative feedback? ( P / N ) N
k Any changes to these parameters? N
.

EXAMPLE 3.4

Figure 3.10 shows the Root locus plot for the given
data on the example 3.1.
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Figure 3.10 Example for the root locus plot.

F. CHARACTERISTIC EQUATION ROOTS

This option of the graphics menu allows the user to
decide whether the system 1s stable or unstable by
looking at the root location of the characteristic
equation. The program gives again the unity-feedback
closed loop characteristic equation roots of the plant.
The illustrative program output of the example 3.1 can

be seen in Figure 3.11.

G. LOAD PLANT MATRICES FROM DISK FILE

This last option of the graphics menu allows the
user to get saved data from disk file directly instead
of going via to the main menu and input/change menu.
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p=p

#u% Plant Characteristic Equation Roots #u»

ROOTS OF THE NUMERATOR

AP T 20 50 TR I )

s[1]= -50.00 +] 0.000

ROOTS OF THE DENOMINATOR
s[1]= -132.032 +j 0.000 s[2]= -69.170 +j 0.000

s[3]= -4.899 +] -32.893 s[4]= -4.899 +j 32.899

X_A

Figure 3.11 Example of characteristic equation
roots.
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IV. SVS MAIN MENU

A. INTRODUCTION TO THE SVS MAIN MENU

In this chapter six options are presented which may
be used for the analysis and design of control systems.
These options are supported by the other options which
are explained in Chapter II and III.

The observability option is used to determine the
observability index of the system. Another very
similar program, controllability is wused to determine
the controllability of the system. The matrix
mathematics option brings to the screen another menu
selections. This program calculates an A matrix
determinant, inverse, characteristic polynomial and
eigenvalues. The 1last three options may be used to
design optimal 1linear control systems. The ©pole
placement option 1is useful 1in the design of linear
control state variable feedback control systems. In
the pole placement case, the control is computed by
multiplying by a gain ([X], the difference between the
reference 1nput and a weighted (linear) sum of the
state variables. The Luenberger observer design is
used to design a combined observer-controller to
achieve a given desired closed loop transfer function
when some of the states are not accessible.

Design of optimal control will minimize a given
cost function which produces a scalar control. The

program starts to work at the terminal time and works
backwards in time.

B. CONTROLLABILITY

This option is used to determine the
controllability of the 1linear time-invariant system.
Consider the following continuocus-time system
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x(t) = A x(t) + B u(t) (4-1) :
where ' ;
X = state vector :
A = plant matrix i
B = input matrix "
; u = control input .
X The system described by the above equation is said E
. to be state controllable at a given initial time if it
is possible to construct an unconstrained control
; signal which will +transfer an initial state to any
ﬂ final state in a finite time interval [Ref. 5]. Ky
; This requires an algebraic condition such that the E
rank r(C) of the controllability condition matrix .
! :
; C = [B!AB!....:!A""'p] (4-2) \
\
. is n, the order of the system. N
- -
. X
! N
EXAMPLE 4.1 o

Consider the matrices A and B,

[ Sy B R S O )

0 1 - 1 0
A = 1 o , B = 2 1
[: 0 L :} [:0 Q:]

_ Determine if [A, B] is a controllable pair.

Phid

Solution: Since A is 3x3 and B is 3x2, matrix C has to
! be 3x6. The program checked the rank of the
controllability condition matrix. The result of the
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program can be seen 1in Figure 4.1,
controllable.

the system is

CONTROLLABILITY RESULT

The Plant matrix A is :

2.00000E+00 1.00000E+00 -1.0000E+00

1.00000E+00 0.00000E+0Q0Q0 1.00000E+Q0

P.00000E+00 1.00000E+00 -1.0000E+0Q0
The input Matrix B is

1.00000E+00 0Q.00000Q0E+00

0.00000E+00 1.00000E+00

0.00000E+00 0.00000E+00
The system is controllable.

Figure 4.1 Controllability program output.

C. OBSERVABILITY

In this section we determine observability index of

the linear systems. Consider +the unforced

described by the following equations:
The (unforced) time invariant system

X = AX
with the observation vector

y Cx

The observability index, which 1is defined
r(0) of the observability condition matrix

C
CA

Can-1

is n, the order of the system.

32
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(4-3)

(a-4)

as the rank

(4-5)
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N The program output for this selection 1is
illustrated in Figure 4.2 with the A matrix as given on
example 4.1 and the following C matrix. A

o
LA

Q
1]
™
S

o ] (4-6)

OBSERVABILITY RESULT J

The Plant matrix A is .

0.00000E+00 1.00000E+00 -1.00Q00E+00 ‘4

1.00000E+00 0O.Q00000E+00 1.00000E+00 :

0.00000E+00@ 1.00000E+00 -1.0000E+0Q0 K

R

The Output Matrix C is : 3

1.00000E+00 Q.00Q000E+20 0.00000E+00 N

4

The system is observable with index 3. -3

'.2

A

Figure 4.2 Observabllity program output. <,

-,

D. POLE PLACEMENT a

Any single-input single-output linear, time .

invariant system 1is described by the following ;
equations:

x(t) = A x(t) + B u(t) (4-7) -

y(t) = C x(t) (4-8) N

The plant 1is characterized as a block diagram in 5

Figure 4.73. :
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Figure 4.3 Block diagram for the state variable
representation.

The closed 1loop nature of the system of Figure 4.4
is showed by the presence of the controller. It
generates the control signal u from the knowledge of
the state variables. So, we can see that, except for
the reference input [r], the state of the plant x is
the only information needed by the controller. The

[~ = " “pLanr T 7
|u B + Ox ; 1

—T> —>Q— —_—
| +7 S

> CONTROLLER <

Figure 4.4 General closed loop system with state
variable feedback.
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control input 1is computed by the multiplying by a gain
K the difference between the reference input and a
weighted (linear) sum of the state variables. As a
mathematical expression,

u= K [ r - ( 1{1}(1 -+ k2X2 + ... * knxn )] (4_9)

where the ki’s are referred to as feedback
coefficients. The gain K 1s referred to as the
controller gain. The equation (4-9) may be simplified
by making it in the matrix notation

u= K [ r - kT x ] (4-10)

After all this notation, the graphical representation
of the system configuration is shown in Figure 4.5.

B R ]
|
|
.

Figure 4.5 Linear state variable feedback system.
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We could obtain the closed loop transfer function
Y(s)/R(s) from the state variables. Our approach is to

force the system into the configuration shown in Figure
4.6.

>Q > K —> Gp(s) >

Heq(s) (— - —

Figure 4.6 Closed loop block diagram representation.

We can see that Heq(s) is given by

kT x(s)

Heq(s)= 1)

(4-11)

Since y(s)= C x(s), this expression becomes

kT x(s)

Heq(s)= =5 x(s)

(4-12)

Here it must be pointed out that the program

calculates the gain K, so0 2zero steady state error
results from a step 1input. If the wuser wants other
conditions, he may rescale K and kT appropriately by
hand. For example, assume he wants to desire to have

the controller gain, K=K;, but the program output shows
that K=Ky with the feedback coefficients k4, ko, k=x.
The procedure is then to modify the program outputs by
setting K=K; and setting

36

3

A

5 & 5 4

BRAAM b AN R L “']),‘x;-;

.,
L3

14
L

R

A

L AN AN AR

b{" _l.',;'f‘ '.; .r'-.( 3

H
PULMEaN

.

BB A N R

Pl

y & %

v i

XN
AR

el NSRS

P LN
A A A




R R P VOV I N N O T w M )

[ Ky ko kz ] (4-13)

A s

This procedure does not change Y(s)/R(s) and satisfies
the condition K=K;. Under these notations and block
diagrams, this option gives an open 1loop transfer
function Y(s)/U(s) for the plant, the feedback transfer
function Heq(s), the controller gain [K] and the
feedback coefficients [kT] to achieve the desired
closed loop characteristic polynomial.

AN G S S A XL A COIRR

l. o

“ w

Ry

The desired closed loop characteristic polynomial

-— -'. _'- to
a

is the denominator of Y(s)/R(s) and must agree with the

order of the plant. The user can enter this polynomial §

either in coefficient form or factored form. If the f.

user wants to enter the coefficient form, the gi

coefficient of the highest degree term must be unity. f/
The methodology for computing the result 1is: the ;?

b coefficients of the denominator polynomial of
Y(S)/R(s), which is the polynomial desired by the user,
may be adjusted at will by proper selection of k and K.
The closed loop zeros are equal to the open loop zeros.
In other words, linear state variable feedback has no

effect on the zeros of Y(s)/R(s). The program
calculates the numerator of Heq(s) to achieve the
desired characteristic polynomial. Note +that the

complete Heq(s) 1is calculated by taking the numerator
of Heq(s) and dividing it by the numerator of
Y(s)/U(s). In the program procedures, the coefficients
of the characteristic polynomial are computed by the
use of the Principle-Minor method. For the matrix
inverse calculation, the program uses the
diagonalization procedures.

T N G T T
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Y

EXAMPLE 4.1 :f.

The plant matrices of a third order system are ﬁ-

given in the following state variable representation: [;
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-1.0 1.0 2.0 0

x(t) = 2.0 0.0 1.0 x(t) + 2 |u(t) (4-14)
2.0 -3.0 2.0 1
y(t) = [ 1.0 1.0 0.0 ] x(t) (4-15)

Find the feedforward (controller) gain [K] and the
feedback coefficients [kT] required to achieve a closed
loop transfer function of

Y(s) 2 (s + 2)
R(s) - S? + 4s2 + 6s + 4 (4-16)

The program result for this example is presented in
Figure 4.7.

POLE PLACEMENT RESULT
The Plant matrix A is :

-1.0000E+00 1.00000E+Q00 0.0Q000C0Q0E+00
0.00000E+00 0.Q0000E+020 1.00000E+00
0.00000E+00 -3.0000E+00 Q.Q00000E+00

The Input matrix B is :
0.00000E+00
0.00000E+00
1.00000E+00

The Output Matrix C is
1.00000E+00 1.00000E+Q00 0.00000E+00

Denominator of Y(s)/U(s) - Descending powers of S
1.0000 1.0000 3.0000 3.0000

Figure 4.7 Program output for the pole placement.
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Figure 4.7 Program output for the pole placement
(continued)

[ ]
o
RS,
The poles of the Y(s)/U(s) are: 3:
REAL PART IMAGINARY PART h:
-1.0000 +3 0.0000 %
0.0000 +] -1.7321 =
2.0000 +3 1.7321 Y
o
Numerator of Y(s)/U(s) - Descending powers of S -
1.0000 2.0000
The zeros of the Y(s)/U(s) are:
REAL PART IMAGINARY PART
-2.0000 +] 0.0000
Desired closed-loop Characteristic polynomial - '\.
Descending powers of S ;}:
1.0000  4.0000  6.0000  4.0000 E?
The roots of desired closed-loop characteristic Ff
polynomial are: &5
REAL PART IMAGINARY PART gs
-2.0000 +] @.0000 5\
-1.0000 +3 -1.0000 o
-1.0000 +3 1.0000
Numerator of the Heq(s) is - Descending powers of S
1.5000 1.5000 0.5000
The roots of the Heq(s) are
REAL PART IMAGINARY PART ;
-0.5000 +3 -0.2887 -
~0.5000 +3 0.2887 <
The feedback coefficients [kl] are :::
0.5000 0.0000 1.5000 %
The gain (K] is : 2.0000 o
MO
i

Y
Y
.
'
s .
«
0

~
Y
e
Iy
.
-
-
)
.
NI
"
...

The results shown in Figure 4.7 specify that the 3&
gain of the controller [K] 1is 2.0 and the feedback
coefficients are k1=0.5, kp=0.0 and k=z=1.5.
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E. LUENBERGER OBSERVER DESIGN

p Consider a linear time invariant plant of the form

x(t)
\ gy(t)

A x(t) + B u(t) (4-17)
C x(t) (4-18)

Let a feedback control law for equations (4-17) and
(4-18) will be

u(t) = K [ r(t) - kT x(t)] (4-19)
. PLANT
r u y
> | CONTROLLER > X = A X + Bu >
., y = Cx
’ w
OBSERVER

<
- 2 =F 2z + G y + G ujc«
y, w = qT y + hT z

Figure 4.8 Luenberger observer block diagram.

o

;

v Assume without loss of generality that the plant is
controllable and observable. Since the state of
equation (4-17) 1is not directly available to implement
equation (4-19), an observer of the form

z(t)= F z(t) + Gy y(t) + Go u(t) (4-20)
and replacing the true states with estimates yields
u(t)= K [ r(t) - kT z(t)] (4-21)
kTz(t)= hT z(t) + qT y(t) (4-22)
. will be designed. The resulting closed loop system is
: shown in Figure 4.8.
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2
Where o,
s
x = state vector ﬁ;
u = control input 2,
y = output !;
r = system forcing input Qf
z = estimated state vector o
-
A = plant matrix Y,
B = input matrix Ny
F = observer eigenvalues matrix ﬁf
Gi and G, = observer gain matrices kf
K = controller gain §§
qT = output feedback coefficients matrix oS
-
hT = observer feedback coefficients matrix -§
s
-
w#* Tuenberger Observer Design Parameters %= ..
Input degree of observer (10 max) 2
Input the desired feedback coefficients in -
29
Factored <F> Form C ;Qj
or Coefficient <C> Form o
g}
Input observer characteristic polynomial in ]
Factored <F> Form C Sb
or Coefficient <C> Form '&f
N
A
®
Press <(ESC> to change it!, };
Then type your input with <(ENTER> key 5:
S
Figure 4.9 Luenberger observer design parameters. >
L 4
;:C;:
The user has to enter the controller gain and the i%
L
feedback coefficients which can be found by the use of &*E
41 o
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"pole placement" option. The program asks the observer

eigenvalues which are represented by the F matrix in
the program. The observer degree depends on the
observability index. For example, if the observability
index r 1is the minimum integer, then the observer gain
matrix [G] has order r. Simply the order of the
observer, when the program prompted can be entered, As
equal to or greater than (r-1). These input parameters
are shown in Figure 4.9.

EXAMPLE 4.2

The example presented here for the fourth degree
plant is taken from Desjardin’s [Ref. 2]. The plant is
represented by the following equations.

y(t) = [ 16 20 0 0 ] x(t) (4-23)
"] 1 7] Q2 "]
. 1) ) 1 7/ )]
x(t) = 0 0 2 x(t) + 2 u(t) (4-24)
7] -15 =23 -9 1

Solution:

Step1
The x4 and x5 are the only measurable states and we
want to achieve following closed loop transfer
function.
Y(s) 1
= (4-25
R(s) s* + 653 + 1732 + 28s +20 )
42
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The controller gain (K] and the feedback
coefficients required are found, as can be seen from
Figure 4.102 by the use of the "Pole placement" option
in the same menu. Results shown 1in Figure 4.10
indicates that the feedback coefficients [kT] are -3,

-6, 13, 20 and the controller gain [K] equals unity.

POLE PLACEMENT RESULT

The Plant matrix A is :
Q.00000E+00 1.00000E+0Q0 0.Q00000E+Q0Q0 Q0.0Q0Q00Q0E+0Q00
2.00000E+00 Q.00Q000E+00 1.000Q00E+00 0.Q0000Q0E+00
0.00000E+00 0.00000E+Q0 0.00Q00Q0E+20 1.0Q0000E+Q0
?.00000E+00 -1.5000E+01 -2.3000E+01 -9.0000E+00

The Output Matrix C is :
2.00000E+01 1.00000E+91 0.00000E+00 Q.Q00000E+00

Denominator of Y(s)/U(s) - Descending powers of S
1.0000 9.0000 23.0000 15.0000 ©.0000

Numerator of Y(s)/U(s) - Descending powers of S
20.0000

Desired closed-loop Characteristic polynomial -
Descending powers of S :

1.0000 6.0000 17.0000 28.0000 20.0000
Numerator of the Heq(s) is - Descending powers of S
-3.0000 ~-6.0000 13.0000 20.0000

The feedback coefficients [ k ] are
20.0000 13.0000 -6.0000 -3.0000
The gain [ K ] is : 1.0000

Figure 4.1 Pole placement result for the Laenberger

observer design.
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Step2

The observability index is determined using the :
"Observabilit&" option in the same menu. That results :
is shown in Figure 4.11.

. OBSERVABILITY RESULT
‘I
The Plant matrix A is
0.20000E+00 1.Q00000E+00 O.Q0000E+00 Q.QQ000Q0E+0Q0Q
0.00000E+00 0Q.Q0000E+Q0 1.Q0000Q0E+020 O.QQ0Q00Q0E+0QQ
0.00000E+00 Q.00000E+Q00 0.Q00000E+Q20 1.00000E+0Q0Q
0.00000E+00 -1.5000E+021 -2.3000E+01 -9.0000E+00Q
The Output Matrix C is :
1.00000E+00 Q.Q00000E+00 O.QQ00Q0QE+00 0Q.QQCQ000E+0Q0Q ]
0.00000E+00 1.Q00000E+00 Q0.00000E+20 0Q0.00000E+0Q0Q 1
The system (A,C) is observable with index 3. 4

Figure 4.11 Observability result for Luenberger.

Step3
As can be seen from Figure 4.12, the system is
completely controllable.

CONTROLLABILITY RESULT
The Plant matrix A is :
Q.00000E+00 1.00000E+00 Q.Q00000E+00 0Q0.000Q00E+00
2.00000E+00 0.00000E+00 1.00000E+00 0.00000E+00
0.00000E+00 0Q0.00000E+00 0.00002E+00 1.00000E+00
2.00000E+003 -1.5000E+01 -2.3000E+01 -9.0000E+00
The input Matrix B is :
Q.00000E+00Q
0.0000QE+0Q0Q
2.00000E+00Q
1.00000E+00

The system (A,B) is controllable.

Figure 4.12 Controllability output for Luenberger.
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in ascending powers of S
1.40000E+01 7.50000E+00
The F Matrix is :

-7.5000E+00
-1.4000E+01 0.

1.00000E+00

The G1 Matrix is :
8.55000E+01 2.92500E+01
Q.00000E+00 ©0.00000E+00

The G2 Matrix 1is

-3.0000E+00
-1.5000E+00

The output feedback coefficients are
2.00000E+01 8.50000E+00

The compensator feedback coefficients are
1.00000E+00 0.00000E+00

Step4
An observability index r=3 (result taken from
observability output) allows us to design an observer
of order equal to or greater than (r-1)=2. For this
LUENBERGER OBSERVER RESULT
The plant matrix A is :
0.00000E+00 1.0Q000Q0E+00 0.Q00000E+Q0 0.00000E+Q0Q
0.00000E+00 0.000Q0Q0E+00 1.00000E+00 0.Q00Q00Q0E+0Q0
2.0000Q0E+00 0.000Q0E+Q0 0.000QCQ0E+00 1.00000E+20
0.00000E+00 -1.5000E+01 -2.3000E+@1 -9.0000E+00
The input matrix B is
2.00000E+020
D.0000E+0Q0
0.00000E+00
1.00000E+00
The output Matrix C is:
1.00000E+00 0Q.0000Q0E+00 Q0.00000E+00 0.000Q00E+Q0
Q.00000E+00 1.00000E+00 0.00000E+00 0.00000E+00
The desired feedback coefficients are
2.00000E+01
1.30000E+01
-6.0000E+00
-5.0000E+00
The Observer characteristic polynomial coefficients

Figure 4.13
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. example, we want to design observer eigenvalues of
~-3.5 and -4.0.

Step5
The program results for all this input data is
shown in Figure 4.13,. From results, the complete

system can be described as:

2.0 1.0 0.0 0.2 | [ x;(t) o |

. 2.0 0.0 1.0 0.0 xo(t )

x(t)= 2(t) + u(t)
2.0 0.0 0.0 1.0 xz(t) 2
2.0 -15. -23. -9, x4(t) 1

: -7.5 -1.0 z5(t) | 85.5 29.25][x;(t)
z(t)= +
-14. 0.0 Z4(t)_~ 0.0 0.0 Ez(t)
-3.0
+ [:_1.;} u(t)
u(t) = 1.0 r(t) - [ 20.0 8.5] [:ﬁéggg]

- [1.0 .90] [:%22%3:}

F. DESIGN OF OPTIMAL CONTROL

The system considered is described by the following
state variable equation:

x(t) = A x(t) + B u(t) (4-26) =

where E
X = state vector ;

u = control input =

A = plant matrix ?1

N
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B = input matrix

The design of optimal control will minimize the
folloving cost function:

N-1
J(N) = 1/2[ XT(N) Q X(N) + 2::[X(k) Q X(k) + R U2(k)]

k=0 (4-27) ~

" A

3

where the following are defined 3
N

Q = noise covariance matrix D

N = time intervals over which the SUM is made R

R = scalar random input >

>
Antae

and XT means transpose of X.

-
-

The physical interpretation of J(N) 1is this: we
wish to keep the state near zero without excessive

8 ..

control energy expenditure. The input parameters of the

design of optimal control are entered in the beginning a
of the program. This screen can be seen 1n Figure a
4.14. After entering these parameters and tns Q E
matrix, then the program calculates the feedback gain ol
matrix which, when multiplied by the state vector, n
yields a scalar control. In the program procedures, 3
the following equations were derived using dynamic 3
programming, starting at the terminal time and working d

backwards.

P(k)=PSIT(k) * P(k-1) * PSI(k) + Q + GT(k) *

R » G(k), P(@)=0 (4-28) ‘
PSI(k)=FI + GAMMA * GT(k), PSI(Q) = O (4-29) ]
GT(k)=-[GAMMAT * P(k-1) * FI]/[GAMMAT * P(k-1) *

GAMMA + R], GT(0)=0 (4-30) o
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Input number of time intervals for SUM procedure?
What is your sample interwval? 2.1
What is the value of scalar R? 2.0

For the following options which cost function

do you want? 0
COST=terminal+fuel+trajectory or
COST=terminal+trajectory <@> '
COST=terminal+fuel or COST=terminal <1

where

terminal= 1/2 XT(N) Q X(N)
N-1 {

1/23 _X(k) Q X(k)
k=0

trajectory

fuel

N-1
1/2 3 _R U2(k)
k=0

Press <(ESC> to change it!,
Then type your input with <(ENTER> key

Figure 4.14 Optimal control parameters screen.

o B B oot

For simplicity in programming, the following
‘Q definitions are defined: b

? Terminal= 1/2 XT(N) * Q * X(N) (4-31)
. N-1

" Trajectory= 1/2 E X(k) * Q * X(k) (4-32)
' k=0
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EXAMPLE 4.3

Given the system equation and parameters described
below find the discrete steady state gains for a sample
interval 0.1, scalar R 1is 1.0 and number of time
intervals is 40.

x(t)= 2 1 (t) ? (t) (4-34)
X = 5 2 X + : u -3

The graphic result of the program is shown in
Figure 4.15 and Figure 4.16, the numerical output is in
the Figure 4.17.
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Figure 4.15 Optimal control graphic output #1.

G. MATRIX MATHEMATICS MENU

This option is wused to get various calculations

N

with the plant matrix A of a given linear control state p
variable system. The selection from the SVS main menu r.
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k consist of following options:
f (1) The determinant of A matrix

:
3

- (4) The Eigenvalues of A matrix
2
. Before selecting this option, the user

-
v

(2) The inverse of A matrix

"Input/Change Plant Matrices" option to
plant matrices.

brings the matrix mathematics menu. This second

(3) The characteristic polynomial of A matrix

must select

-1
.|
G RN N RS S
’l‘ TIESIS EHaNPLE
N -
-30 2+t
-0
-t
-5p
0
-%0 o
R T L 1 T -1
5 " Py
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Figure 4.16 Optimal control graphic output #2.
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L V. CONCLUSION AND RECOMMENDATIONS

o
3 The software, SVS, 1is written as a teaching
v learning tool for student use. It can be a nice tool
“q for analysis and design of linear control state
h variable systems. The program is fully interactive and
3’ menu driven. The user does not get 1lost in the
' program. The <Q> key always returns to the main menu
f or CTRL + C key interrupts the program. All options
f: were  tested solving several example problems.
; Hopefully, all "bugs'" have been eliminated.

' Furthermore, the program can sStill be easily

improved and expanded. These are listed below.
(1) Adding the ability to handle the KALMAN

LLLLLEE

filtering.
(2) Add the capability of the program to handle

: discrete time systems.
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APPENDIX A

WA

UTILITI FILES

A set of Turbo Pascal input and menuing utilities
was used widely in the program. These are public domain
utilities and was copied from the LCS-CAD source

diskettes. These utilities, called TURBO-UT.PAS were
written by:

5 A S

Donald R. Ramsey
Larry Romero

727 Bunker Hill #70
Houston, Texas 77029

I LI

and distributed through the public domain. The
describing documentation are presented on reference 4.
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’ APPENDIX B ;
Ca Ly
o
. PROGRAM LISTING
, Appendix B 1is a 1listing files of the Turbo Pascal i
) source code. These files make up the major modules of i
N the SVS program. In general, most of the driver ' *

g programs and including files are listed in the :
’ following pages. The source modules from the Borland i
. International Turbo Graphix Toolbox and the ]
: input/output utility routines are not listed. 3
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FILE: SVS.PAS Program Listing Page 1
Program State Variable S¥stem(ingut,out9ut);
*

LEE X R R EREEREZEEREEREEE R LA R R EEEEREEREEERERENEERERSZEER®EE) "*%
The following include files contain procedures *
to handle graphics call from the main procedures*
of this program. These include files are a part *
of Borland International's Turbo Graphix Toolbox*
¥aich :

is a commerciallg available product.
IR EE XX E N B IR IE R E IR N *

K K XK XK K XK

LA EEER R R EREEREEREEREEEEE N

pedef .SYS) 2type & variable decleration)
x.INC} draw the box for the main menu)

LR AR R R RS ESEEEEEEEREEREEREEE R R N R s "

ese are utility procedures and functions to

*
19 ingut. Theg are gublic domain programs. *
* * % * I E X X X X ¥ * % % % * LEEE X E X R R IR E ¥ * * LR B X X X X *

* Xk x  GHA
i

Ut—Mod@1.INC§ {I/0 procedures)
Ut-Mod@2.INC

cedure MainMenu:
I,Tab : Integer;

GO AN ATV A eSS
P HA

H0 HH

HelpiFile, InputFile,MatrixFile,
lotfile,ControlFile,ObserFile )

uenber File,PoleFile,OptimalFile : File;
Description : Str8o;
Okchoices Set Of Char;

procedure Program%xit;
Displays warning about program end)

cr; Highvideo;
Msg?’gav?m%ou wanted ending the SVS program? ( Y/N )

LowVideod;

begin
ir

Repeat
option;
if not gcn in [’Y’,'N’]) then Beep(900,350)
. gntil Ch in ["Y’,'N’]);
nd;

MU o O o

|

Procedure Menultem(pick:char;description:str80;
color:in egers'
{ allows easy selection of main menu colors)

Be%in
extC log(colorg

Alatatannad

write(? Tab,’'(%); TextColor(white %' Wsite(pick);
gextColorfcolor s Writeln ’?’,descrip ion :
nda;

Begin Main Menu ) <3
élrsgr' 'i
TextColor(lightblue); _ 3
Msg ﬁL §a¥a24gostgraduate School Ismail -]
GoToXY?%1:4§; éxtColor&white); ]
Writeln(’ *** SVS MAIN MENU *x*x ). L

{ show main menu }
¥r%te%%(’ ') -3
ab:=23; -
weggl{em(’l’,’Input / Change Plant Matrix Menu’,red); -]
r eln ; S
Menultem(’'G’, 'Graphics Menu’,light%rag); Nt
Menultem(’'C’,’Con rollability’,Yel ?w : 73
Menultem ’O’,’Observabilitg’,ye low); 3
Menultem(’'L’,’Luenberger Observer Design’,yellow); .
7]
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FILE: SVS.PAS Program Listing Page 2 ::
MenuItemE’D’,’De81gn of Optimal Cont ol’,yellow), .
%en%igem 'P’,’Pole Placement’,yel -
riteln; ~
w wengl{em(’M’,’Matrlx Mathematics Menu’,lightgray); ;
| riteln;
| MenuItemg’H’,’Hel llghtmagenta{ W
%enultem ’Q’,’Quit the program’,lightmagenta); N
ox;
if hot (blockl! in [E .20] ) the v
Kch01ces.= 117, 7H ’Q’? W
else cho Ges: = 3 2 C2,’0’,’D’,'M’, P, W
! G, 'L ,TH? L, 'Q ] .
Regeat {sets legal choices depending on user)
ion;

not (ch in okchoices) then

Be
%extColor(red%
If block1l then

Msg? Flrst INPUT . HTELP or QUIT!'’,
1,25);

End; ’
End; TextColor(whlte),
Until Ch in Okchoices;

Case Ch '
Y10 .
%ssign(%nputFil ,’Input.com’): p
Execute(InputFile); o

M %nd Ao

: Begin '
%ssign(Matrleile,’Matrix.com’); A
Execute(Matrlx ile); s

e R '

Be
%ss1gn(? lotfi
Execute( lot

.
—
o
ct
0
0
B

v,

Q
" D' -’l‘.‘l‘
B R I

Be
%ssi ControlFil ’Control chn’);
hain ontrolFile

"f. o

'O’ Be

§ss1g 60bserF11 'Obser.chn’); E?
Chain? bserFile $4
'L e Be A
%ssig £Luenber§F11 , 'Luenberg.chn’); 3‘
Chain? uenbergFile Ml

r

'D’: Be in -
ssign(optimalfil ’optimal chn'); L
Chain? imalfile ?ﬁ
.“'-“
'H': Beg =
ssig HelpiFile, 'Help1i.chn'); -
ghain elpl File?; Nt
'Pr e Beﬁin -
ssign(PoleFile, 'Pole.com’ ); L.
E gxecute(PoleFile); .ﬁj

nd; N
'Q': Begin N
%ro ramExig; :q
if %ch:’Y’ or (ch = 'y') then ™
Exit := True; o
End; 5‘
&
56 ‘_:_:'.
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FILE: SVS.PAS Program Listing Page 3 e,
End; {(case) N
End; {(main menu) N
(I- ***************************************** * :
é* ogram Execution Qart * ’
* *************** IR E B EX YR EERREREZZ] LR R N R K N3 *) ~
eéin {svs) ’
1rScr; {clear screen{ ‘
gx1t := False ;{(initialize boolean) 3
e ;
Ef blockl <> 1 then o
Be

%lock1 t= 03 z
MalnMenu, { call main menu until the user 2
want to exit "4

Until Exit= Tr rue; <A
Set_Cap_Num('®’ °*,° ' ,? Say Cap Num ; NS
- (set ca §seFt ,and num lock off) f

Block1l := 0: {reset pro F
End. svs} i
3

14

L

o

L

"

N

N

_.:<

f

% 4
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FILE: INPUT.PAS Program Listing Page 1

Pro%ram input(input,output);

{* This program allows_ the user to enter,change,save
and retrieve t?e problem for the whole opflons on the
other menues. *

{$I Typedef.SYS) (comman type & variable definitions)

I Ut-mod®@1.INC)} (I/O utility routines)
I Ut-mod@2.INC
I Ut-mod®@3.INC

{3$I Box.INC) {(draws menu box)}

var
inputdatfile,savefile,retrievefile,
changefile,help2file : file;

Procedure InputMenu;

var 1i,Tab : Integer;
Okchoices : Set Of C&har ;
Finished : Boolean;

Procedure Menultem(Pick:Char;Description:Str80;

Color:Integer);
Begi (displays menu items in color
egin

extCo orgcolor)'
write (’ ’':tab,'(’); Text o%orﬁwhite); Wrgte(pick);
E gextCo or(color); Writeln('’')’,Description);
nd;
Be%in
1rScr: TextColor(white); Finished := False;
GoToX¥{20,4%° retriev:=true;
write(’'**#* INPUT / CHANGE MENU #*x** ');
gog i :? 1 to 4 do writeln(®' ’);
ab := s
MenuItem?’I’,’Input Plant Matrices ’,red);
MenulItem('C’,’'Change Current Plant Matrices’,yellow);
Writeln; '

Menultem(’S’,'Save Plant Matrices to Disk
File’ ellow);
MenuItem('’L’,'Load Plant M%ﬁrices From Disk
File’,yellow);

Writeln;
MenuItemE’H’,’Helg’ 1i§htmagenta);
Menultem(’Q’,’Quit to SVS Main Ménu ’,lightmagenta);
Box; TextColor(white);
Set Cap num(’C’,*' ',’' '):;say ca um; gotoxy(40,22);
1% blodkl <3 1 ihen’ OKchbdices :5“@’1‘ L ,gﬁ ’é’i T
else OKchoices :=f’I’,’ D SRREN- SRS A IR N L I -
Repeat {(wait for user to input a keyprees) ~
option; ~
%f ?ot {ch in OKchoices) then i
egin N
%eegi9®0 350 ):TextColor(red); ‘
if ocki <> i then :;
begin ~.
msg( 'WARNING: First INPUT,RETRI%VE,HELP or >,
QUIT! v1,25)
end;
endi
TextColor(white);
until Ch in OKchoilces;
58 .
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“ FILE: INPUT.PAS Program Listing Page 2
cas? chbof
' e
o §331g? inputdatfile, ’inputdat.chn’);
chain(inputdatfile
h. 'L’ be§ , ,
. ssign(retrievefile, 'retrieve.chn’);
N Chain?retrievefile?;
e 180 . ggd
N ) %ssig (savefile,’save.chn’);
- Chaln savefile?;
o 'Cs Be
N %ssi (changefilﬁ ’change.chn’);
X ain changéfile
'H?: Be§
ssi lp2file, 'help2.chn’);
hal%? p2file); P )
4 )Q): be
i §331 gn(svsFile,''svs.com’ );
- Execute svsFile);
- end;
o End; {(case}
< end;
Fo: { Execution the input/change menu program. )
o Beﬁ (main _program)
A rive:="
; SR e
d npu u;
o Unt'Y Finished =_True;
p End. {(main program)
o]
4
p:
N\
N
o
.
X
3
2
2
7’
|~
4
O
W
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FILE: INPUTDAT.PAS Program Listing Page 1

?rogram input data(in%ut,output): )

To allow = th€ user o enter the A,B,C matrix from the
this_program .

label 13;1label 10;label 11; {(label decleration for the
GOTO statement)

(3I Typedef.sys) {comman variable declerations)}

221 Ut—mod01.inc; {I/0 routines)
I Ut-mod@2.inc
a

var Ans,Cont : Char;
g%t i St St P Texts
epping,Step,Steps,
Templ,Témp2,1,] : Integer;
Resulf : Realj;
inputfile : file;
Begin {input data}
13:ClrSgr;_Writeln;
blockl:=1; textcolor(yellowg;
erte(’EnfeS the degree of the plant: ’);
Readln(size); ]
if (size <= @) or ( size > 10) then
begln
deep(90®,35®): goto 13;
end;
for steps:=1 to 10 do {initialize)
for s egplng t= 1 to_ 10 do
A1A[{steps,stepping] := 0.0;

Writeln(’Enter the elements of the A Matrix ');
writeln;

for steps := 1 to size do
Begin . .
or stepping := 1 to size do
Beﬁin
AEite( A(11SteRS: LeoStRRTITe ) T
eadln steps,ste n ;
End;Writeln; P pping
End;
ReBeat
1rScr; Writeln;
Writeln(’'The A Matrix is : '); writeln;
for steps :=1 to size do
Be§1n
or stepping := 1 to size do

Beﬁin
ritei’ ', A1A [steps,steppingl]:11);
End; Writeln;
End% writeln; {prompt to any chanfes)
e

Do _you want to change any element of’);
write(’ the Matrix ? Y N ? )
Read(Kbd,Ans); writeln; {allows us?r to change
entered data

%f ( Ans ='Y’) or ( Ans =’y’? then i
egin

%rite 'Input the row to chanﬁe R Seadln(i);

write(’'Input the_column to change : ’');

readin(j);writeln;
write(’ ,i,7,7,3,')= ');readln(result);
ATA[i,] :=result; 1

End;
Until Ans in ['N’,'n’'];

ZG:CIrScr;writeln;
user inputs B matrix elements from the keyboard)

60
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FILE: INPUTDAT.PAS Program Listing Page 2

- l .' l Ly I
k{‘-t\':\.&.h_nu.-u'- -.L.\'A.":&_xs. N R o A .A" N e N Al S R A

write(’'How man¥ inputs do you have ? ');
rea In( n1) ' e
? ?nl > size) then

be
%eep(9@® 350) goto 10;

.‘1 w .'ﬁ.;.f.'l.t"f.f'f.-& -.,. . .‘

end
for’ steps := to 10 do .
for s °-1 to 190 do .
Feg egﬁ 1= 0.0;
Wr%%g g nter e e ements of the B Matrix ') ;
r .
for steps := 1 to size do
%or stepping to ni do
ﬁrite(’B steps, stepping,’) = ')
Readln( g [ stgps stepplgg ? ;
end;writeln;
End; erteln,
Reg
lrScr, riteln;
erteln(’ The M trix is: '); writeln; v
gor steps := to size do >
e g
gor stepping to ni do E
e
%rlteg ,B[steps,steppingl:11); o
end; teln; ]

el wr"ll)teln’ t t t of’) '
r e o} ou wan O _chan any e.emen o} H .
4 ? Yg7 N ‘5 ’%;

writ ! the Matrix ? -
Read(Kbd, A -
writeln; (al ws u er to ch ge B matrix element) S
%f Ans = ? Ans ='y’ then -

eglin *

o o

writei’Input the row to chan : ’); readln(i);
write('®'Input the column to c ange : ’S;
readl gg?; ¥r1te1n,

T L

s

write )= ’);readln(result);

i,j]):=result; -
End; e
Until Ans in ['N’,’'n’]; }Q
2 :ClrScr; Writeln; f
user  inputs output data from keyboard) <
write('Hoy many outputs do you have ? ') ~4
rea In(no); =
b no < 1 ) or ( no » size ) then =]
e .
%eep(Q@@ 350) goto 11 g;
for "ste s'- do ]
for S % to 19 do ™ 3
steps s epping]’-w 2; n
write n; od
Writeln( ’Enter the elements of the C Matrix '); )
Writeln; -
for stepping t= 1 to no do o
Be%i
bor steps :=1 to size do
egin
%rite(’Cé’,stepping, teps,’) = )
Readln( C[stepping steps? ;
end; writeln;
End; writeln;
Regeat )
lrScr; Writeln;
writeln(’'The C matrix is : '); writeln;

61
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FILE: INPUTDAT.PAS Program Listing Page 3
for stepplng :t= 1 to no dc
Be%
or steps:=1 to size do
be
ﬁrlte(’ ,C[lstepping,steps]:11);
end; wrlteln'

End; writeln:’ ot t t of?)
rite(’Do you wan o0 chan any element of');
Z 02989 7% 93

writ '’ the Matrix ?

Rea bd Ans wr1 eln;:

if 5 Ans =’y’') then
Be 1n

write(’'Input the row to chnage : '); readln(i);
Input the column to change : ’S;
readl & H wr te n;
g ',3,’)= '):readln(result);
-resuit

nd;
Until Ans in ['N’,’'n’];

Assignsinputfil ,

re-execute

Ex ?cute(input§i e
input_data

input.com’);
the 1nput/change menu program}

)

(Wl ot U0 UE U5 S WY

3
3
3
]
X

PLI |

62

“ v

~

£

. Lo
A T e e e
PO PR 1D Ry, ,_l:"_; '.‘\4"_.~.i LI ..R.A..‘_..-A_.



b YA

" '- '- 'n

L St N

P AT A S
g X ., | A

.

N N L

FILE: CHANGE.PAS Program Listing Page 1

Program change data(lneut,outgut):

* I E X X X X ¥ X LR X X I B I I3 * % % % % [ R R E R X R I N I I N IR W IR I *
* This program allows the user to change A,B, C *
* matrices and their matrix order. *
* !"l'**I****l‘**********l************************* *

abel 11;label 12;label 14; )

{$I Typedef.sys) {comman type & variable decleration)

2%1 Ut—mod@1.inc§ {I/O0 utilities )
I Ut-mod@2.1inc
r

va Ans,tgmp,inputt¥pe ¢+ Char;
Stepglng,Step,S eps,i,j : Integer;
Result : Realj;
inputfile : file;
result_size ! integer;
Begin .
clrscr;writeln; gotoxy(1,22); )
1n¥vid??(é§3ess {ESC>" to change it!', ")
otoxy ;
%nvvid o(’Thén input your choice with <ENTER> key’);
otoxy§1,% H
extcolor(lightblue); i
writeln?’ **% Change Current Plant Matrices

Procedure #*#%1);
TextCol r yellow);

writeln STz ==SsSSSSssSTS=Z=Z=S=2=T=SS=z======z=====x==" );
Msg(’Whic? matrix do you want to change ? ',1,6);
tex{color lightmagenta?;

msg( ’ PLANT (A) ’',39,6);
msg( INPUT (B) ’.1,7);
msg(’ OQUTPUT (C) ',1,8);
repeat

input(’A’,’A’ ,50,6,2 rue,F1,F10);
temp:=c?¥y(answe 11
if not emp in f AY,'B’,°C’]) then beep(900,350);

until temp in ['A’,’'B’,'C'];
inputtype:= temp;

case inputtype of
’A’:gegigp
14:ClrScr; i )
writeln(’'The A matrix is :');writeln:
for steps:=1 to size do

be§1n
boristepping:=1 to size do
egin
%rite(’ ',A1A[steps,steppingl:11);
end;writeln;
end;writeln;
write( ' The ogdgg of the system is:’,

size, ’, ;
write(' Change ? (Y/N)');
repeat
read(kbd,c )
until ch i Y','N','y’,’n"];
if (ch="Y') &r (&h='y'Y tnen
begin
writelng
write('The order og the system is :');
readln(result _size); ]
if (result siZe<1 or (result_size>10)
then begi -

beep?9@®,35®); goto 14
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Program Listing Page 2
end; .
size:=result size;
end; -
repeat
clrscr;writeln;

e H
Writeln(’'The A Matrix is ')Y:;writeln:

£ 1 to size do
e
%or stepping := 1 to size do

Begin
ritei
End; Writel n,
End; erte n;

write( go y u w nE to change any element?

,A1A[steps,steppingl:11);

Read(Kb Ans);wri
Ans zn E ’N’ n’]) then
ns = ns ='y’ then
Beg
wrlte( I put row to change : ’);
readl 1
write noput column to change : ');
read 3 wrlte n;
wrlte 2 V3. )=
ﬁresuit :
A1A =result;
Untll "Ans in ['N’,’n’];
begin
:C1lrsS r;

wrlteln The

matrix is :’):;writeln;
for steps:

S to size do
e
%or stepping°-1 to ni do

begin
write(’ ,B{steps,steppingl:11);
end; wrlteln,
end; writeln,
Wrif 'The nu b7r ?f input is : ',ni,’ ,
an e

eat read?%b , ],
") or (ch y 3 ﬁhgn

%riteln' {allow t?eiuser to change number
o) nput
write he number o _input is:');
read result size
if result _siz&<«1

un
if
be

or (result_size>10)

then begi
beep(9®® 350); goto 11;
end;
ni:=resu1t_size;
end;
repeat

clrscr;writeln;
Writeln(’ he B Matrix is
for steps :=1 to size do

Be
%or stepping := 1 to ni do

e%rite

End; Wr§te1
End: erteln,

(prompt the user for changes on B matrix)

'Ys;writeln;

,Bl(steps,stepping]: )
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FILE: CHANGE.PAS Program Listing Page 3
Write(’D ¥o t to change any element
Read(Kb? Ansz ;W 1tein
if Ans in f "NY, bno ]) the
B z ='Y') or ('Ans z'y") then

e
%rlte ut row to change : ')
read n 1
write n ut column to change : ’);
read
writeln write( B(’ y '3, )=" )
} result
=result
Until Ans in [ N’,’n’]:
end;
beg;n
12:C1lrS r:
writeln(’'The C matrix is :’);;writeln;

for steps:=1 to no do
%or stepping =1 to size do

wrlte(’ ,C[steps,steppingl:11);
end; writeln,
end; writeln'

(allow the usér to change number of output%)
Write ’The number gt ut is : ,yno, ;
write(’, ge 9 /N ?
repeat read kbd,

until ch n Y’ ¥ ,'n’];
if ?ch: Y’) or (ch- y ) hén
begin

write n:
write( ' The Number ?f Output is :');
rea In(result siz
rgsult siZe<1 or (result_size>10)
en
beep?%@@ 350); goto 12;
end;
no:=result_size;
end;
repeat )
clrscr;wrltel show C matrix elements)
Writeln('The C Matrix is : § swriteln:
or steps :=1 to no do

Be
%or stepping t= 1 to size do

e%rite

End; Writ ln,
End;Writeln;
(prompt the user for changes on C matrix )

,C[steps,steppingl:11);

Write(? D goz nt to change any element
wtl

Read(Kb Ans tein
A 'N?, ]) then
B ? ='Y*) or ( Ans =y’ ) then
e
%ritg ! ngut row to change : ’);
readln
writg ! n ut column to change : ');
rea
writeln wrlte(’C( 1,’,',3,')=");
ead}n(result)
=resul
En d,
65
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FILE: CHANGE.PAS Program Listing Page 4 79
Until Ans in ['N’,’'n’']; v
end; -
end; 2
Assign(inputfile,’ input.com’); (re-execute input :
_ program? )
E?ecute(%nputflle); ~3
End.{change "
~
)
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FILE: SAVE.PAS
Program save_data;
§$I T¥pedef SYS

$I Ut-modo1. ;
$I Ut-modod2. 1nc

Program Listing Page

ame str20;

file ttext;
: 1nteger,

utfile %le,

save data

r; HighVideo;

t user to ch

K'ZJ

-(DO

drive if necessary)
e

1,1),32,11,2,true,F1,F10);
.’C’,’D’,’E’]) +then
’

(

c ans e )
1f g t ? zé

ee

until chpln ?’A ,1C’,'D",’E 1;

Drive := concaf(ch

clr cr; ro pt or filename to store data)

is . Press <esc> to change

msg( ' Input name of file to save data in File’,1,10):

writeln; writeln;

wrlteln(’*** Your DATA disk must be in drive
,Drive,’ **x»)

1n ut( A, 8,true,F1,F10);
iTename: 2 oncat?brive copylansweér,1,8),’ .svs’);
Assign( lockfile gilename), (Open file )}
rewrite(Blockfile
wWwriteln(Blockfile,si e),
Writeln(Blockfile, nl?
Writeln(Blockfile,no
or i:= 1 to size do
for j:=1 to size do
write(blockfile,A1A[1,3]):
for 1:=1 to size do
for j:=_1 to ni do
writeln(blockfile,B[1i,j]);
for 1:=1 to no do
for J::Z to size do
write(blockfile,C[1,3]);
close(?lockfile); {close th {ile)
Assign inputfile,’input com’ ? re-execute
input/ change menu program
?cute(ingugfile);
end save da
67
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% FILE: RETRIEVE.PAS Program Listing Page 1
:ﬂ Program retrieve ?ata; . .
o ($I Typedef.SYS) variable decleratios)
o Ut-mod@1.INC} (I/O routines)

%I Ut-mod02. INC
” Ut-mod@3.INC
() ‘
” ($I Directry.INC) {shows available data files) e
o
. var
. readfile : text; {The text file user will use) ]
‘. filename : str20; b
. readerror : boolean;
. linecounter,i,j : integer { A counter for the 4
o ines we read} ]
tf inputfile,PlotFile: file; ;
tf be§ { _procedure retrieve_data)
Y lrScr Hl%thdeO, . .
N - y1 ow change of disk drive if desired)

o 4

! Msg ’;T ¥Qgr1%ata)dr1ve is . Press <ESC> to change A
N Re§eat' T '
" nput( A’ copy(drl ve,1,1),32,11,2,true,F1,F10);
v py (ansier, 1},
. ;f n?t ¢ch in L’A 'BY,'c’,’D’,’E’]) then 1
Fk beep(900,350 ;

Until ch in i ; 'C’,'D’,’E’]; b
n Dr1ve:= concat(ch )

dlrectory to display eligible files) )
Dlrect ry?drive xXxtension,filename, readerror% :
not?readerror then

Be
§331gn2readflle filename);
Open thé file and read contents)}
Reset(readflle)
Linecounter: {count the lines )
While not EOF readfile) do
The built-in function EOF returns true)
Be%in i1f the end of a file a? been reached
inecounter:=1linecou ter+1 Count the next line)
Readln(re dflle size
Read’ info variable line )

e

) WD TV R, S W, U WS N

Readlnzreadfile ni
Readln(readfiie,no
For :=1 to size do
FOP j'= 1 to d
Read(rea dfile A1Af1 ijl); N
For 1i:=1 to si
For j:=1 to i
Readln(readflle,B[i 1)
For i:= 1 to no :
For j:=1 to Size 1
Readgreadflle C 1 il); ]
End; Close(readfil 5 A
End )
glse :
e
%el y(15® %, . !
1t or directory error message and continue) 1
Win ow? , 1,80, 58' \
Clrscr; '
En '

d;
if not (retriev) then

be
%ss1 gn(plotfile,’Plot.COM? ):
Execute PlotFile);

- K _w_a_s_ -

a s
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FILE: RETRIEVE.PAS Program Listing Page 2 f
, end K
. else \
, begin X )
Assign(inputfile,’input.com’);{re-execute |
. _ input?change menu program) -
i a Execute(inputfile); .
! end; 2
End. {retrieve_data) o
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FILE: PLOT.PAS Program Listing Page 1

Program Plot;
Program piot contains graphig
an

They are
writtéen by wWOOD Roy, JF.

programs.
modified for this

program.

($I Typedef.SYS){(type and variable decleration routine)
I Ut-mod®1.INC {I/0 routines }
I Ut-mod@2.INC
I Ut-mod@3.1INC

{$I Box.INC)} {drawing menu box )

var
1,1 . . Integer;
help4file,Retrievefile,Nyquistfile, .
timeplotfile,bodefile,rlocifile,rootsfile : File;

Procedure GraphicsMenu;

var
i,Tab : Integer;
Okchoice : Set Of Cnhar ;
Finished : Boolean;

Procedure MenuItem(Pick:?har;Description:StrS@;
Color:Integer);
{gives easy Selection of input menu colors)

Begi
e%egtCoiorgcolor)

Write (' ttab, '{’); TextColor white); Write(pick);
B gextCo or(color); Writeln?’%’,5escrip£ion§; P
na,
Begin
lrScr;TextColor(white%'
Finished := False;GoTo Y&QG 4);
wWwriteln(' *#* GRAPHICS }EN{; few )y
display graphics menu)
¥r%teln%
ab := :
Menultem ‘L’,’Load Plant Matrices From Disk
File’,red);
Writeln;

Menultem(’'C’,’Characteristic Equation Roots’,yellow);

Menultem( ’'B’, 'Bode Plot ’,yellow);
Menultem('T’,'Time Response Plot',yellow);
Menultem('N’, 'Nyquist plot’,¥ellow ;

Me?%lfem 'R’ ,'Root Locus Plot’,yellow);

writeln;

MenuItemE’H’,’Helg’ liéhtmagenta);

Menultem('Q’,’'Quit to SVS Main Ménu ’,lightmagenta);

TextColor reen);

Box; Writeln;

TextColor whlge); retriev:=false;

GoToXY ?4 1y 22)

repe%g { read user choice from keyboard)
option;

until ch in [’R’,’L’,’B’,’T’,’N’,’H’,’Q’,’C’];

ca§g,ch of

:begin
assign(rlocifile,’rloci.chn’);
chain?rlociflle?;
end;
"L Beﬁln
ssig (retrievefili,’retrieve.chn’);
Chain?retrievefile H
end;
70
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FILE: PLOT.PAS Program Listing Page 2

L be%
h ss1g (time lotfil ’tlmeplot chn’);
a1n timeplotfile

T

"B’ be§ -
N ssign(Bodefil ’Bode.chn’);
N Chaln?bodefl le
LY 9
. "N’ : be '
) §s31g ﬁnyquistfll , 'Nyquist.chn’); ]
s Chaln? yquistfile -
NoR N Be 3
N %ssig (rootsfil ’roots.chn’); )
N Chaln rootsfile
. "H? s Beﬁ
[ ssi HelD4F11 ’Hel 4.CHN’);
K Chal%?ﬁel ile P
Qe be
o ssign( vsFile,’svs.com’);
: Execute(svsFile);
/ end;
! End;
; End;
= Be i? (plot}
- rive
~ %init%allze drive selection for load procedure)
- repea
graphicsMenU' {repeadely call graphics menu until
N user selects to quit)
| Until Fi ished = True;

End. (pl

cR M NSNS




FILE: BODE.PAS Program Listing Page 1
0\ { BODE PLOT is the driver  program for _ths Bode \
plottin routines. It simply invokes Bode plot, when
finished, returns back to the graphics menu. i
’ Program Bode;
. I Typedef.sys {graphics routines)
: I Gggphix.sg g grap
" I Kernel.sys
n I Windows.sys;
. I Polygon.?gh h
" I Axis.hgh
%I Ut-modd1.inc {I/0 routines)
x I Ut-mod@2.1inc
N $I Ut-mod@3.inc
- I GrapMenu.inc raph options menu)
e ggI PlotBode.in ; §§0d8 plgtting routine)
" $I Boxuser.inc

ot
<
e}
]

'’ ary4 = array E1..11} of real; ,
: ary6 = array (1..21 of integer; ]
y var 3
[, plotfile :file; ]
b igI Pol{nom.inc) &Polynomial routine) ,

N I Rootfind.inc) {Polynomial roots finder routine)

N {$I Bodeplot.inc) {Bode routine)
p: begin .
h- BODEPLOT; {call the Bode calculation routine}
. Assign(plotfile,’PLOT.COM’);

J ?re—execuge the graphics menu routines)

~ Execute(plotfile);

- end.
X

. v

.
el

-
4
4
b/

~
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b FILE: TIMEPLOT.PAS Program Listing Page 1
b Program time response:

! 1absl 13; "{1abe decleration for GOTO statement)

I Typedef. sys; {graphics routines)
Graphlx sy

A Axis.
B Polygon hgh)
0 I Ut-mod@1.inc {I/0 routines)
: i UT-mod@2.inc
I Ut-mod@3.inc
: {$I GrapMenu.inc) {graph option menu procedure)
. type
- ygry4 = array |[1..11] of real;
. aryé = array _(1..11] of 1nteger,
var
. Psi,Phl A,Atemp : aryls;
‘ temp, Eutt % : char;
Offset max
RowSum Max owSum t,
! T1,0ldMaxRowSum,
Plottime,Uinput, PhiX,
hold,Ymax Ymin,tPiot.
Amplitude, Fre : real;
N Factorial,Plotindex,
- Nincr code,i,
- %‘ kk,cnpoles,sizezero : integer;
; umpéraph éoodNumbers,
X ClosedLoop,q it : boolean;
) C1,Xo0ld,Xnext,Gamma ¢ ary3s;
Gra%hArray Inputarray : glogarray,
A : text;
, - numcoeff,dencoeff,cdencoeff : {
kk1 : eger'

. plotfile :
i%l Polynom. 1nc; {characteristic equation procedure)
T Boxuser.inc
Procedure PrintGraphData;
B ? his procedure dumps time- -response data to printer)
e
%eaveGraphic ;Clrscr;

r%pe%t 1 (whit t

ex co r(w e otox ;

i writel *H gﬁOéRAM XISTPfIT 315T10Ns AL IEEDY
gotox ? , :
write P) Pri ter output DF
Textcol yellow g2otoxy(20,14);
writeln ck Your Pr nter' ')

: Textcol r(wh gotoxy y15) 3

. writel '<F List to File name ')
gotox 2,16)

j write ’ on the current drive ’);

3 gotox 0,17)

[/ write '¢Q> Quit

- gotoxy 2,15);textcolor(yellow); write(’"TIME QES"’),

. gotox 28,1 ),

-, read d;ch ;

; If (ch='F’) or (ch='f’) or (ch="P') or (ch='p’)

then

73
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vy FILE: TIMEPLOT.PAS Program Listing Page 2
o
) begin
\$ éf (ch = '"F’) or (ch = '"f’) then
egin
LY gotox (24 15 % stextcolor(red);
Writel PRINPING. . .o. ')
\ ass1gn(%1st,’T1me .RES');
-~ rewrite(list);
w"* end
. else
- begin
-~ gotox (24 13£:te xXtcolor(red);
A write( 'PRINTING. ... ... .... ')
assign(%ist "LST: )3
g rewrite(list);
- wrlfeln(list TIME RESPONSE PLOT
~ §ESULT 'Y
-~ writeln(list
- writeln(list, TIME SSec) Y
. output R
(input)’);
oy wrltelnglist ————————————————————————————— ')
Ny writeln l%st)
L9
N writeln(list rrax[i ,1]:10: 5, ',
o~ Gra hAr aY
> InputArray i,2
end;
o until ch in ['Q’,’
-, EnterGraphic,
- swapscreen;
o close(1list);
. end;
-
A Procedure Matrix_Mult(Matrixi,Matrix2:aryls
% var AnswerMatrix: ?ry
b Order:integer
o var 1,] : integer;
o
oy begin
" %or i:=1 to order do
N, for Jj:=1_to orfer o
AnswerMatrix{i t= 03
(initialize the answer matrix)
.. for i:= 1 to order do
-, for Jj:= 1 to order do
for L := 1 to
T AnswerMatrix i lﬁ nswerMat ﬁ 3] +
N Matr 1[1 L]*Matrix2 L
o end;
- Procedure Scalar_Mult(Matrixi : ¥1s; scalar : real;
" var AngwerMa rix:aryls;
- Order:integer);
" var 1,] : integer;
3N
= be%
= 1 to order do
. for j.-1 to order do
o 4 AnswerMatrix[i,j]:= AnswerMatrix[i,j] * scalar;
.. end;
L8
,-

Procedure Matrix_Vector_Mult(Matrixl :aryls;
Vector : ary3s;
var AnswerVechr:arySs;
order:integer);

- .l. L3 l“
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: FILE: TIMEPLOT.PAS Program Listing Page 3 "
Y var 1i,j : integer; .
i begin p
or i:= 1 to order do i
beﬁln 3
: old:= 0; Ny
, for j:= 1 to order do .
hold:= hold ,?atrix1£i,j]*Vector[j]; o
AnswerVectorfl := hold; N
end; ~
end;
Begin -
nitgraphic;leavegraphic; -
Boxuser; -
‘ Characteristic Equation(A1A,size,Dencoeff); -3
: calculating denominator coéfficient) %
for i:=1 to size do PSI[i,size]:=B[i,1]; L
for jj:=2 to size do I
be§1n N
or i:=1 to size do ’
begin . )
Jr=size=-Jjj+1; s
kk1:=3+1% _ ot
PSI[i,j]:=Dencoeff[kk1] * B[i,1]; ;
for 1l:= o size_do - X
4 PSI(i,j]:="PST(i,3] +A1A[1,1] * PSI[1,kk1]; (.
end; v
end; t
for i:=1 t? size do %
besi calculating numerator coefficients } b4,
, egin .
ﬁumcoeff[i]:: 2.0; >
for J:=1"¢t ize do ) t
4 Numcoeff[1i]:= Numcoeff[i] + PSI[j,1i] * c[1,1i]; -
end; s
gor'i:=1 to size do ({calculating numerator order ) o
egin S
%::size+1-i~ "
éf Numcoeff{m] <> @.2 then goto 13; -
end; .
13:sizezero:=m-1; E
Clrscr; N
TextCol r(lightbluez; -
writeln?’ ** Time Response Plotting Ky
Parameters ***’{; -
T xtCo]_or(yel owz;writeln(’==================’); o~
Msg('What is your input to the system? $T§P688)
Msg(’ ,éqﬁg {R) N
Msg(’ SINE yA¥E8§W) R
Msg(’ IM?ﬁ%Sg)(I) ;
re?eat T ’
nput(’'A’,’'S’,50,6,2,tryue,F1,F10); !
temp :=, copy(ans er,1‘1$; Y
if not (temp in Y’S R',’W’,’I']) then
eep(350,150);
until temp in ['S’,'R7,‘w7,'1']; .
‘ IantTgpe := temp; ‘r
' Msg('wWhat is your ingut amplitude; 'L,1,11); ~3
: Ing?t(’N’,’1’,35 11,5,true,F1,F10); ~
va answer,Amplifude,code?; '
75
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FILE: TIMEPLOT.PAS Program Listing Page 4

s your DC value? ’',1,13%); .
InY t('N’",70',28 13.5,§rue JF1, Fim ; :
va ?answer,Offsef,code
msg( 'wWhat 1s your slope ', %
n » ’ 1] ’ rue,
I Put( N, 71:523,15,5(¢ F1 F i
va ?answer,slope,code), Y,
‘W : Begin '
: be
ﬁsg(’What is your frequency? -
rad sec ’ 1 13?, L
Input(’'N’, 5,1%,5,true,F1,F10);
val(answer, Freq ,code);
end;
end; K
Msg(’'Open (0) or Closed (C) Loop Plot 2 ’',1,17); R
repeat g
%nput( A’,’CE,40,17,% $ue,F1,F1®); :
emp := CO answer
if no emp _in then beep R H
R0t (feRy v 1&49) then b 350,150

until temp in E’O’ ’C’]
if temp ="' hen ClosedLoop:= true

else Closedloop:= false;
Msg( Input your simulation time for the iystem0399

max
eat
Y;t( N',’’ ,55,20,5 true F1,F10);

v m e~y

answer Tmax code -
ax > 99 th n beé (350 150% 5
untll Tmax <= ? ? ) H
Boxuser;
1f ClosedLoop then

be
%or i:=1 to maxorde?id?tCD??Co?ff[i] 1= 0.0; o
nitialize .
for i:= zeZero + 1
DenCoeff[ii t= Numcoeff?i%
C.L. denominator _equal he sum of pen loop
denominator and '0O0.L. numerator ?

for 1:=1 to S Z + do
CDenCoeff t= CDenCoeff[i] + Dencoeff[l]
if size » sizezero then CNpoles: size .
else CN oles'- SizeZero; .
(Nploes shold always be greater,but to be safe) .

I R PO

end .
else

be .
%Npoles =Size; s
for 1i:=1 to.s -

%ze do
CDenCoeff[1i -Dencoeff[1]
end;

{ Calculation of new A matrix)
for i:= 1 to CNPoles-1 do -
be%in ;
or Jj:=1 to CNPoles do .
begin .

% = g atngd:

W
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FILE: TIMEPLOT.PAS Program Listing Page 5
{Calculation of new C matrix )
for j:= 1 to CNPoles do

be
%tCNPoles j] := -CDenCoeff[3];
end
for'i:= 1 to CNPoles do
begin
if 1 > SizeZero + 1 then CE ]:
else Ci1 i = NumCoeff[i],

CNP s the
% ? ﬁ] umCoeff[SizeZero+1]*

’

if SizeZ? ?

CNPo
end;

{ Selection of sampling time interval )}

Nincr := 1000;
t= Tmax/Nlncr),
Atemp :=

: {initialize psi to _the value of the
ite series after the first)

A
A
i
Scalar M?l (Psi T 2, P31 NPoles);
, 1
1

to_CN e two terms I + A*T / 2')
] =Psi i +
Factoria = 2 : Oldmaxrowsum:: 2.0;
regeat
egin
actorial := F actorial * +1)3 TY = T1 *» T
Matrix Mu%}( Temp Phi C P?l es);
us
ATemp: hi i ld matrlx to larﬁe arr?y)
Scalar Mult(Ph T1 Factorial),Phi,C Poles):
for j to CNpoles do

be
%or m:= 1 to CNpoles do

be
BsT(3,m1:=Ps1l3.m] + Phil].m];
end;
end;
Maxrowsum: 2.0;
{computes maxrowsum as m?asure of change in last)
for J:= 1 to CNpoles do{series term t0 be added.)

begin
rowsum: =
for m:=1 to CNPoles do
rowsum:= rowsum + Psi[j,m];writeln;
f rowsum > maxrowsum theén maxrowsum' := rowsum;

end;
if (abs(maxrowsum-oldmaxrowsum)/maxrowsum)< 2.001

then finished := false
{quit when .1%change) else finished := true:
0ldmaxrowsum := maxrowsum;
end;
until Finis
Scalar Mult Psi,T,Psi CNPoles g
Matrix ™ Mult ,Psi,Phi,CNPoles
for 1 7= to CNPOles do
Phi(i,1] := Phi 1,1% + 1.0;
for 1:=_1.to CNPoles do
Gamma(1i] := Psi[i,CNPol s%
(single input system wit vector: )

o
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FILE: TIMEPLOT.PAS Program Listing Page 6
( 2 ... 01 (transpose) )
Plottime := lotIndex := } 1n1tialize§
for i:= 1 to CNPoles do Xold[il]:= 0.0;
init. prev. state)}
Ymax := 0.0; Ymin := Q;
Boxuser;
for N 1 to Nincr do

.o
~

besi begin calculating next state and y)

egin

& {compute input at time Plottime)
casg Inpgttype of

input := Amplitude;
R’ : Uinput := Plottime * slope + offset;
I’ ¢ if plottime = 0 t?en ginput t= 8mplltude
se Uin .
'W' : Uinput := Amplitude * sin?freq * piottlme)

end; {(case)
Matrlx Vector _Mult(Phi, {old XNext,CNpoles);
compute new states

for i:= to CNpoles_do
ngxé[i]:= Xnext[i] + Gammal[iJ]*Uinput;
or is= 1 to CNPoles do
begin

if abs < QE@? then + C1{1i] * Xnext[i
() else y:= Y 57' zéax y 1imit§ ]

if SizeZero = CNPoles ,
y =y + NumCoeff SlzeZero+1] * Uinput;
if y > Ymax then Ymax:=
if < Ymin then Ymin;
if N mod 5 = @ then {plof every Sth point)

Plottime;

¥1ott1me;
Uinput;

ct
-
3
o
¢
"
I_l_.l_l::l

—‘Il nauan

>
O
= we
(o}

end; )
Plottime := Plottime + T;
end;
Ymax := 1.1 * Ymax;

:= Xnext;

Initgraphic;
SelectWindow

drawtext(2
drawtext(2
drawtext(2
drawtext(2
drawtext (2
drawtext(2

drawtext(2

NiceAxes(0, min,ymax,'’);
Selectworld%WorigNdxégb%- Se{ ctWindow(WindowNdxGlb);

DrawPoly on(GraphArray P%otindex—1) ,0,0,0); ‘
NlceAxes% ax ym}n ymax

Se - LineStyi dashed }ine for input sign 1)

DrawPolg% n utArray Plotindex- 3 %
SetLineStyle ?

HCGHECO

95,1,'TIME(sec)"');

PN

78
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FILE: TIMEPLOT.PAS Program Listing Page 7

X
)
A
3

repeat until keypressed;
quit := false;
repeat
Graph_Menu(’Time—Resp?nse’,DumpGr %h,quit);
calls print/title menu)
If DumpGraph then PrintGraphData}
until quit;
LeaveGraphic;

assign(plitfile,’p%?t.com’)ﬁi ,
re-execution gra cS menu pro
Otfile?; grap program

Pl el i

execute(p
end.

Y
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Cd

bt

P, ‘EKL\KEJ

for jj:=2 to size do
be%in
or 1:=1 to size do
begin
jr=size-Jj+1;
kk1:=3+15
PSI[i}j]:=Dencoeff(kk1] * B[i1,1]:
80
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FILE: NYQUIST.PAS Program Listing Page 1
Program NYquist;
labél 1; label decleration for goto statement)}
I Typedef.sys; {graphics routines}
I Graphix.sy
I Kernel.sys
%% glgdows.s ﬁ
o on.
I Axigghghgg
I Ut-mod@1.inc {I/0 routines}
I Ut-mod@2.inc
I Ut-mod@3.inc
I Gra Menu.inc; Eﬁraph options menu)
I Plotnygs.in yquist plotting routine}
I Boxuser.inc
type
yP ary4 = array E1..11] of real;
ary6é = array (1..21 of integer;
2 I Polynom.inc} gPolynomial routine)
I Rootfind.inc) Polynomial roots finder routine)
var
Code, I,Count,NumberDecades,
StartDecade,EndDecade, one : integer;
Wf,Wo,Wi,DeltaWw,Gain : Real;
PlotArrax1,PlotArray2,
MagPhaseArray,FreqgArray : PlotArray;
ZMagn,ZPhase,PMagn,PPhase,Phase : real;
TempX, TempY : real;
temp : char;
OpenLoop, PicBig : boolean;
33 ,kkl ,m,1,sizezeros,CNpoles > integer;
encoeff ,Numcoeff,cdencoeff : aryéd;
realpart ole,imagpartgole,realpartzero
%E%a partpole, imagpar zero,cimagpartpo%e: ary>s;
: aryls;
plotfile :filg:

function Log(%:real :real;

Begi computes the base-10 logarithm of X)
egin
%f X=0 then ?og'=0 else

E gog t= Ln?X) Ln(192);

na;

function Expon(Y,X:real):real;
Begi {computes Y raised to X power)
egin

xpon := exp( X * (1n(Y)));
end;

begin
oxXuser; one:=1;
Characteristic equation(AtA,size,Dencoeff);
for i;=1 to s§iZe _do
PSIgi,s1ze :=B[1,1];

b4
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FILE: NYQUIST.PAS Program Listing Fage 2 N
bfor l:=1 to size do -
egin
?SI[i,j]:=PSI[i,j] +ATA[i,1] * PST[1,kk1]: >
end;
end; -
end; -
gor_i:=1 to size do Z
egin
ﬁumcoeff[i]::@.@; ’
for j:=1"to size do -
beﬁin ) ) -
dumcoeff[i]:: Numcoeff(i] + PSI[j,i] * c[1,3]; -
end;
end; -
for i:=1 to size do -
begin ~
m:=size+1-1i; <
éf Numcoeff{m] <> ©.0 then goto 1; N
ena; .
1:sizezeros:=m—1; )
Clrscr; .
TextCol r(lightbluez; ) o
writeln?’ *%*% Nyquist Plotting Parameters -
¥% % ) Tex olor(yellow%; 5
writeln(’========================================='); ::
PicBig:= false; '
Msg(’Open (0) or (C) Closed Loop Plot ?',5,5); ‘“
repeat -
Input(’'A’,’ ',45,5,2,true,F1,F10); .
temp:=copy(answer i’1§; :
if not%temp in f’é’ 'C’]) then Beep(950,350);
until temp in [’0’,'C’];
if temp = 'O’ then Openﬁoop = true
else OpenLoop := false;
Msg(’'Graph window (B) Big or (S) Select your own
size? ,5,7?;
repeat
input(’'A’,’’,60,7,2,true,F1,F10);
{sets flag OpenLoop if User _selécts the open loop)
temp = copy{answer,1,1):
if not(temp in f’B’g’é’ ) then beep(350,150); K
untjl temp in ['B’,'S’]; N
if %temp = "B’ )" then PicBig = true v
else PicBig := false; .
if not (picbig) then X
PeRiR(’ Input first f to b ‘
s npu our irs requency to be
& P v lotted?’,5 88; .
Msg(’%example: .01, 1, 120, étc,)',10,10); -
Input ’N’,”.5®.9,§,?rue,F1 F1®}; .
Va ?answer,Wo,code i(wo 1s the first plotted freq} .
Msg('Input number of decades do gou want -
plotted?’,5%,1 ?: ‘
In? t(’N’,”,5®,12.2.true.F1,§1®): -~
Va ?answer,NumberDecades.code ; K
end -
sa3t :
egin
§0:=0.001; 5
NumberDecades:=8; -
end; -
81 g}
3
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FILE: NYQUIST.PAS Program Listing Page 3

root_finder(sizezeros,Numcoegf,realpartzero,
- imagpartzero,one);
root flnder(size,Dencoeff,seaipartpole,
- imagpartpole,one);

ain:=Numcoeff[sizezeros+1];

or i:=1 to sizezeros+1 do

begin

4 Numcoeff[i]:= Numcoeff[i]/gain:

end;

clrscr; Boxuser;

for ij;=1 to maxorder do CDenCoeff[i] := 0.0;
(1n1t1allze§
for 1:=1 to _SizeZeros + 1 do .
C?enCoeff[i := Numcoeff i% * gain;
C.L. denominator equals the su? of open loop
denominator and O.L numerator

for i:=1 _to Size _ +_1 do
CDenCoeff[i] := CDenCoeff[i] +Dencoeff[i];

if Size > SizeZeros then Cnpoles:=Size
else CNPOLES:=SizeZeros;
ﬁcompute new denominator roots)
root finder(Cnpoles,CDenCoeff,CRealPartPole,
- ClmagPartPole,one);

StartDecade := trunc(Log(Wo));
?éom%ute)zinear scale to plot )

EndDecade := StartDecade + NumberDecades;
1o§ numbers. Also figure step)
Wf := Wo * Expon(10.92,NumberDe ades?;
8§ltaww:= Expon((Wf/Wo),0.0125);
= Wo

.
’

for Count := 1 o 81 do
do 81 iterations...arbitrary #)
Begin

if OpenLoop then
{compute_ bode numbers if openlcop and later if
closed loop

begin
Magn:=1.0; ZPhase:=0.0;
PMagn:=1.0; PPhase:=0.0; {(initialize)
for 1 := 1 to SizeZeros do

(gompute magn and phase of zeros for freq step)

ezin

%Magn::ZMagn * Sqrt(gqréRealPartZero[I]E+
r

Wi-ImagPartZero[I]));
if ReallartZerol[I] hen
ZPhase:

. t
ZPhase+pi/2.0 else
partzero[i] > 0.0 then
s

:= ZPhase - ni_.+ ArcTan((wi-
ImagPartZer ?i])/(-RealgartZero[i]))

se
ZPhase:=ZPhase+ Ar ((Wi-
ImagPartZero?i????—&ealPartZero[i]));

el

end;
end;
f?r i = 1 to Size do
compute magn and phase of poles for freq step)

82
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FILE: NYQUIST.PAS Program Listing Page 4

Wi := Wi * DeltaWw; {increment freq step)
end
else
{perform same steps as above if closed loop requested)}
be§
Magn:=1.0;ZPhase:=0.0; PMagn 1.0;PPhase:=0.0;
for i := 1 "to SizeZeros

be
%Magn'-PMagn * Sqrt(Sqr RealPartPole[I]
Sqr(Wi-ImagPartPolel[I]));
if RealPartPoleli] = hen
b Phase: = PPhase+p1/2 @ else
egin
if RealPartPole[1] > 0.0 then
PPhase:=PPhas fi])?% + ArcTan((Wi-

1 ImagPartPole RealPart ole[I]))
else
PPhase:= PPhase+ -
as ImagPartPole?ii???—&ealPartPole[i]));
en
end;
Phase := Frac((ZPhase - PPhase)/(2*pi)) * (2*pi);
{Phase "m dulo" Pl)
Tem 1= absEEGaln*ZMagn/PMagn *cos hase
= *51n Phase

X
TempY.: a Ga n*ZMagn/PMazn
if ?gchlg and %Tempx > 10 hen

10
TempY > 10@3 then TempY : 100

if icBig) and
If Phase<® hase:= Phase+(2*pi)
If ((Phase> p172§) and (Phase(&S*pl/é)){ thgn
empX;
If ((Phase>pi) and (Phase<(2*p%?$?ythe P ¥
em := -TempY;
MagPhaseArrayEcount 21 = Phase; P P
MagPhaseAr coun 1= Galn*ZMagn/Pmagn,
PlotArray1FCount, := TempX
PlotArray2|lcount,! i = Teme
PlotArrayl{Count, 2} := TempY;
PlotArrathcount 2] := -Temp?

FreqArray[Count,1] := wi;

be%Magn =ZMagn * Sqrt(Sg &RealPartZero[E}}y

ImagPartZero
if RealPartZero[I]
b ZPhase:=ZPhase+pi/2. @ else
egin
if RealPartZero[I] > 0.0 then
ZPhase:=ZPhase ArcTan%(Wi— ]

N ImagPartZero?l])/ ~-RealPartZero[i]))
else

end.ZPhas%é;égggiggﬁgf ??/E RealPartZero[l])),
end;
ggr i := 1 to CNpoles do

%Magn'-PMagn * Sqrg(Sqr CRealPartPo e5§1)+

Wi-Clma PartPole
if CRealPartPolef
PPhase: -PPhase+pi/2 Q else

83
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FILE: NYQUIST.PAS Program Listing Page 5 o
1f CRealPartPole[I] > 0.0 then ) v
{ PPhase: E ??7? Pi_+ ArcTa ?(5W3— !
) CIma§PartPole CRealPartPole[1])
PPhase:=PPhase+Arc (Wi-
CImagPartPolefi???g—CR alPartPole[i])); s
end; v
: end; By
: Phase := Frac((ZPhase - PPhase)/(2*pi)) * (2*pi); =3
. { Phase "modulo" 2Pi)}
: TempX := absEEGaln*ZMagn/PMagn *cos(Phase)); .
) TempY := a Ga n*ZMagn/PMazn *sin( Phase)); -
: if ?PicBig and (TempX > 100 hen TempX := 100; =)
if (PicBig) and (TempY > 10@) then TempY := 100; g
If Phase<® ase:= Phase+ £
If ? Phase> p172§g and (Phase<é3*p14é))) theQ
. -Tem X
A If ((Phase>pi) and (Phase<2*p1% t en P ~
em t= -TempY¥; =3
! PlotArray1ECount,1} := TempX; =
o Plotarray2|lcount,1 := TempX; ~]
PlotArray1ECount,2] := TempY; L
PlotArray2|{count,?2 = =-1.0 * TempY; 73
Wi := Wi * DeltaW; :
ena; -
Plot_Nyquist(StartDecade,EndDecade, -
NumberDecades Frqurra% PlotArray1t -
Plotarray2,MagPhaseArray, PicBlg,OpenLoop) ; g
Assign(Plotfil , 'Plot.COM’ ); }
Execute(plotfile); o
' end. {Nyquist) o
;’.
_ 3
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Proc
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: RLOCI.PAS Program Listing Page 1

rogram plots the root locus of the plant )}
1 13 (label declerations for the goto statement)}

Typedef. sys; {graphics routines)
Graphix.sy

Kernel.sys

Windows. sys;

Polygon ?gh

Axis.h

Ut-mod®1 inc.} {(I/O routines)
Ut-mod@2.inc)
Ut-mod®@3.inc )}

GrapMenu.inc) {graph options menu}
ary4 = array E1 11] of real;
ary6 = array L1..21] of integer;
I co e LineCount : integer;
Piof le,PlotZero : PlotArray;
PlotRealPole, PlotImaﬁPole : ary3s;
DeltaGain,StartGain, EndGain,
Variable Gain,Xmin, imax Ymin Ymax,gain: Real‘
Neg_Feedback, dumpgraph qu1 : Boolean
list T text;
i3 kk1 ,Sizezeros,one : 1nteger,
ho ¥ dencoeff numcoeff : aryéd;
realpar pole, 1magpartpole realpartzero,
1magpartzero : arySS;
PSI : 1s3
plotfile : fi e;
Polynom.inc)}
Rootfind.inc)

edure PrintGraphData;
dumps root locus data to printer)

aveGraphic; Clrscr;
eat

Textco or(1®§te), o
otox o
%r%te ?gé 1;)* PROGRAM OUTPUT OPTIONS #x»x ') "
otox . : .
write »¢P> Printer outp ') '
Textcol rzyello ? otox ?20 14?- w
writeln i Ch our rln er! ') -
Textcolor(white %otox »15); R
wr%tel? é<§%)Lis£ o File name ") NE
otox , : -
%rite ? ! on the current drive ') 5
ot orY57%:47 by ') )
gotox 2 15%; extc lo ell &; .ﬁ
writ Y "R1.0 ES"’? oxy?2 ,17) \H
read?kbd,ch ; ML
If = ! ) or (ch = 'f') or (ch = ’P’? or =

?Ch = 'p’) then Y

begin .-

if (ch = 'F') or (ch = 'f') then r
begin

85 ‘
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FILE: RLOCI.PAS Program Listing Page 2

otox
%rite (

textcolor(red),

-e m2‘
Q2
o
0-
H.
w.
=
U)

LNnQ-e

REAL
GINARY'
LineCount := LineCount + 6;

to sizeZeros do

n -

for 1 :=

begin )
writeln(list,’ ’,RealPartZeroE;}:1®:3

! ', ImagPartZero(i $10:3);

LineCount := LineCount + 1;
end;
writeln list); writelnglist),

writeln list POLES®
write 11st5
write l GAIN ')
writeln 1ist, REAL

IMAGINARY );
writeln(list); LineCount := LineCount + 7;
Variable_Gain := StartGain;

{compute root location§ for varying values of
£ain and print them

DeltaGain : =
For J:= to

Be
ﬁoldPol := dencoeff;

If Neg Feedback then
For 1I: 1 o.sizeZeros+1
Hol Poly I] := HoldPoly I] +
gain*Variavle _Gain numcoeff[I])

For @i dpelyFigo2ergs it ge +(
o o = HoldPo a
y Variabla_Ga’ 1 num%oeff[l]),

Root_Finder(size HoldPoly Pl tRealPole,
Plot Pole, one
writeln(list Varia le Gain: @ :14);
LineCount := LineCount + 1;
for 1 := 1 to size do

begin
writeln(list, )
PlotRealPol [1]

’ ,PlotImagPol [i? 10:3);
LineCount := LineCount + 1

wrifelnélist);LlneCount := LineCount + 1;
if LineCount » 50 then

éEndGain -StartGain)/50;

'

’ 14

86

l' 1"
PR AL AN .
2Pl 4 Am

LAY A L
nibbszi PR

x

AL T
8



P AN

S

'l_

% » R CTRY N N A T T V(L WL V. LWLV

FI

LE: RLOCI.PAS
begin

Program Listing

writeln(list, 0chr(12));

LineCount :=
end;

variable _&gain:=variable_gain+deltaGain;

end;

end;
until ch in [’Q’,’'q’];
EnterGraphic;
swapsgreen
close?list)

end;
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;writeln; wrlteln,
TextCol r(green

andler driver)

writeln(’ nput S ARTING value for the variable

ain: ;
writeln; €

writeln(’ Input ENDING value for the variable

gain:
TextColor(yellow
writeln; writeln,

writeln; TextColor(green);
writeln('X-Minimum: 5 ;
writeln('X-Maximum: ');
writeln(’Y-Minimum: °’);
writeln(’

writeln(’

Input_Handler(’'N@107’ E?cape)

writeln; writeln'
writeln(’ Any changes to these

Input(’A’, ;45 19,2 true F1
If answer—’Y

Val(fi var[1] StartGaln code);
con ts input st
Val(filvar ,EndGain,c de
Val(filvar ,Xmin,code
Val(filvar , Xmax,code
Val(filvar Ymin code
Val(filvar Ymax code

If copy(filvar[7],1,1) <> 'N?

ON\NHAND

wswswe

Neg feedback
else Neg_feedback

n,xmax,ymin,ymax,

87
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Y-Maximum: '): writeln;
Positive or Negative Feedback? (P or N):');

prompts for NEW inputs)

arameters?

?Y)or
gut Handler( CQ1Q7' ,Escape);
?promp s for changes

then

.......

27 )

false
true;
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> FILE: RLOCI.PAS Program Listing Page 4
N
; haracteristic_equation(Al1A,size,dencoeff);
B calculate dencoeff rom the plant matrices)
e ?r i:=1 to size do .
0 b calculate numcoeff from the given plant matrices)
egin
" %SI[i,size]:=B[i,1];
. end;
LY for jj:=2 to size do
/ e§1n
> or i:=1 to size do
¥ begin 1 1141
t=size-jj+1;
kk1:=3+1%
PSI[1i,j]:=dencoeff[kk1] * B[i,1];
- goril:= to size do
- egin
- §s1[1,31:=psr[1,3] +A1A[i,1] * PSI[1,kk1];
. end;
end;
end; .
for i:=1 to size do
- begin
A nuwcoeff[i]:=0.0;
o for j:=1 to size do
s begin )
5 gumcoeff[i]:=numcoeff[1] + PSI(j,i] * c(1,3]:
end;
" end;
for 1:=1 to size do
- begin :
y m:=size+1-1; :
o éf numcoeff(m] <> 0.0 then goto 1;
. end;
>, T:sizezeros:=m-1;
e ?c lculate the zeros of the system)
root_finder?sizezeros,numcoef ,realpartzero,
imagpartzero,one);
- gain:=numcoeff£sizezeros+1]; j
‘ {Cconvert highest degree numerator coefficient into 1.) -
” for 1:=1 to _sjizezeros+1 do :
. numcoeff[1i]:=numcoeff(i]/gain; .
For I:=1 to sizeZeros do o
Beﬁin p,
- lotZerol[I,1 = RealPartZero I]; -d
- Plo?Zer I,2 = ImagPartZero(I];
’ end; forz
” Case sizeZeros of
2 2 : ; b
2 1 beﬁin
lotZerol[2,1]:=PlotZero[1,11; “
, PlotZero|[2,2]:=PlotZerol1,2]}; .
", PlotZerol3,1]:=PlotZero|1,1]; g
’ PlotZerol 3,2]:=PlotZerol1,2]; a
7, NICEAXES(xmin,xXxmax,ymin, max,”%- 3
¢ DrawPolygon%PiotZero,1,— y=3,3, ); -
g end; 5
’ 2: be%in
' lotZeroF3,1 :=PlotZero 1,1}, B
o PlotZerol 3,2):=PlotZero|1,2)]; P
e NICEAXES(xm%n Xmax,ymin, max,”% u
- DrawPolygon PlotzZers,1,2%,-3,3,0); 4
'~ end; R
- else 3
" NICEAXES(xmin,xmax,ymin,ymax,'’); §
. DrawPolygon(PlotZero,1,sizeZeros,-3,3,0); -
. 3
(» 88 :}
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FILE: RLOCI.PAS
end; {(case)}
Variable Gain := StartGain;

DeltaGaim := (EndGain-StartGain)/50;
divide gain to plot 50 points}

Program Listing

For J:= 1 to 50 do
{calculate and plot 5@ points per graph)

Be
ﬁoldPoly := dencoeff;

If Neg Feedback then
For I:= o SizeZeros+1
HoldPoly = HoldPoly

+
gain*Variable g Qn * numcoeff[I])

= o} SlzeZe ros +1
z t = 1dPo ly
aln *Variab

RoOt Finder(size

é in * numcoeff[I]);

HoldPoly,PlotRealPole,
imagPole one?;

e do
otting matrix with poles)}

z

1

] 1= PlotRealPoleEI];
:= PlotImagPolelI];

e

a

P

]

lly f%ll plotting array if fewer
oint
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NICEAXES(xm n, xmax ymin max.”%;
SawPolygon PlotPole,1,s1ze,-1,3%,0);
end {case
d riable _&gain:=variable_gain + Deltagain;
end;

Repeat until KeyPressed;
ui := false;
repeat
Graph_Menu( ’Root Locus’,Du EGraph
calls print/title_menu
If DumpGraph then rintGraphData;
until qui
LeaveGra hic
Assign ? otfile
Execute(plotfi
end. root_locus

guit);

lot com’); {(re-execute plot.
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FILE: ROOTS.PAS Program Listing Page
Program ?
%abel label decleration for goto statement)
$1 ypedef sSys
TYPE
ary4 = array E 1} of real;
ary6é = array 1} of integer;
var K1,

1..1

1..2
posCounter i,3,33,.k
cnpoles,sizezérds,one! infe ger;
dencoeff,numcoeff, cdencoeff ary4;
realeartzero 1magpartzero

crea partpole, cimagpartpoie : ary3s;
: S;

plotfile :file; ry

gain :real;

2 I Polynom.inc)
I Rootfind.inc)

BEGIN
ClrScr; one:=1;

Characteristic equation(A1A size,Dencoeff);
for 1i: to §iZe _do
PSI[i size :=B[i, 1

for J3i:=2 to size do
be
%or i:=1 to size do

be in
-size jj+1

kki:
PSI[i :=Dencoeff[kk1] * B[1i,1];
for 1:= to size do
be
%SI[i,J]::PSI[i.J] +A1A[1,1] * PSI[1,kk1];

end;

end;

end

for 1:=1 to size do

be
ﬁumcoeff[i] :=0.0;
: td size’do

b
ﬁumcoeff[i] :=Numcoeff[1i] + PSI{3j,1i] * c[1,3];
end
end;
for i:=1 to size do
begin
m:=size+1t-
if numcoeff[m] <> 0.0 then goto 1;
end
:sizezeros:=m-1;

root_finder(sizezeros, Numcoe§f,realpartzero,
imagpartzero,one);

ain:= Numcoeff(sizezeros+1];
or i:=1 to sizezeros+1 do

be
ﬁumcoeff[i]*- Numcoeff{i]/gain;
nd

e
for i:=1 to mafo der do
it

for 1:=1 _to St%?

: : {initialize})
eros +
CDenCoeff

do
= Numcoeff[i] * gain;
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FILE: ROOTS.PAS Program Listing

for i:=1 to fi e + 1 do
CDenCoeff i? := CDenCoeff[i] + Dencoeff[i];
%f Size > SizeZeros then CNPOLES:=Size
NPoles should always be %reater
else CNPOLES:=Si1zeZeros;
(co%Bute new denominator roots)

root_finder(Cnpoles,CDenCoeff ,CRealPartPole,
- CImagPartPole,one);

ClrScr; textcolor(lightblue);{on-screen titles)

writeln(’ *#* Plant Characteristic Equation
Roots #*#*#x' ).

writeln; writeln;highvideo;

writeln{ ’'ROOTS OF THE NUMERATOR: °’);

For 1:=1 to SizeZeros do (position for output)

Page 2

begin
gsCounter := (I mod 2) ;
If PosCounter = t then writeln;
LowVideo; write zeros g
write(’s{',1,’] = Y ,RealPar Zerog J:10:3,
T+ ’,ImagPart%ero?I :10: :
write(’ ')
end;

writeln;:; writeln: HiﬁhVide0°
writeln( 'ROOTS OF THE DENOMINATOR: ');:

For I:=1 to CNPoles do

begin compute on-screen position)
osCounter := I mod 2? ;
If PosCounter = 1 then writeln:
LowVideo;
&outgut o) ts&
write(’s[’,I,’% = ' ,CRealPAR OLE@ ? 10:3,
T3 C magPAR§P0LE I]:10:3)3
write(? ")
end;{for)

HighV o;gotoxy(1,24

de ;
write%’Press any key %o continue or [Shift] [PrtSc)
for hardcopy.'’);

{check keyboard buffer for value change.
If number changes b¥h1 or 2 indicates that shift key
en

depressed. If so, remove "Press any ke¥..
prompt from screen so it won't print to prin er}
: keyold := mem[@000:1047]; not_erased := true;
. Repeat
K'-J

RSV (7 enioneg 1047
ey=keyo
E~ ngt_egased) then

begin
GotoXY(1,24); write(’ ':80);
not erased := false;

endy
Until KeyPressed;

Assign(plotfile, 'Plot.com’);
Execute(plotfile);

end. {irogram Roots)

Jér (key=keyold + 2)) and

SRR N AL N

e e,
el L
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FILE: MATRIX.PAS Program Listing Page 1
Program Matrix_Manipulation(input,output);

I Typedef,SYS
§§I gpedef £y )
I Ut mod@1 INC)

var

help3file,inversefile,determinfile,
Polynomfiie,eigenfile :file;

Procedure Matrix_mathematics_menu;

var
,Tab : Inte
Okchoice : Set GF &har ;
Finished : Boolean;

Procedure MenuItem(Pick Char; Des%ription :Str80;
Color: Integer ;

Be
%extCo (colorz' )
wWrite S tab,’{'); Te % %or white); Wrﬁte(plck);
TextCo or(color), wWrite escription);
End;
Beéin
lrScr; Tex Color(white), Finished := False;
GoToX% 19,4
Write *u ATRIX MATHEMAT%CS MENU ###' ).
gog i T 1 to do writeln(' ’);
ab := s
Menultem('D’,'Determinant of A Matrix’',yellow);
Menultem('C’, gh%r?cterisgic polynomiai f A
atrix’,ye
MenuItemg'I’ 'laverse' Bf A Matirix’ . ellow{
Menultem(’'E’,’Eigenvalues of A Matrix',ye fow);
Writeln;
Writeln;
Menultem('H’, ’Helg éhtmagenta)
Menultem('Q’, gi fo VS Main menu ',lightmagenta);
TextColor(§reen
Box; Writ
TextColor(white); GoToXY (40,22);
Repeat
tion;

untgl ch in {’D’,’C’,’I’,’E’,’H’,’Q’];

case ch of
"D in

ssign(determinfile, 'determin.chn’);

Chain eterminfile);

L SR be
%ssig iinversefil , 'inverse.chn’);
Chain? nversefile);
end
'C': be
%ssi gPolynomfil , 'Polynom.chn’);
Ch in? olynomfile

)E). be

ﬁssig (eigenfil ,'eigen.chn’);
ain?elgenf ;

’H’:

%ssig (helgSFil ,’help3.CHN');

Chain elp3F
end;

g2
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FILE: MATRIX.PAS Program Listing

'Q’: be
%SSlgn(?VSF , 'Svs.COM’ );
Execute(SvsFile);
end
End; (case}
End;
Beéin {main program)
lrscr;
Regeat

ﬁatrix _Mathematics_Menu;

Un 11 "Finished = True;
End.{main program)
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FILE: DETERMIN.PAS Program Listing Page 1

Program Matrix Determlnant(in ut,output)

€l 10;1label—20;label 30;label 40:tapel 50;label 60:
el 70;label 80

lab
lab
%I pedef SYS
I U —mod@i.INC)
$I Boxuser.INC

matrixfile :file;
list te H
counter, i, j ii,k
temp va ue,valle

geteFminanﬁ o)

m,n,even tinteger;

det,det correction.

eterminant treal;
:ary1s:

il
xt;
i,k,
lue,
ld,d
Begin
counter := 0:
Boxuser;
i: -1 to size do

Bor
e
g :=1 to size do
e
ﬁ ?1 3):= ATA(1,3];
End a;
for i: 1 to size do
Be 1n

30 1f A1[k i] <> 0.0 then goto 10;
if k size) <= 0.9 then goto 30;
goto 4?
10:4°F k) > 2.2 then goto 40;
. then &£0to T70;
to size do

P _value:=A1 , I
n ?'-.M[k L=l

:=temp_va1ue;
= counter+1;
i+1;
size then goto 20;
ii to size do
1[m i then to 80;
e:=A Em i? 1?1,%?;
n:s= to size do )
?m,n]:: Al1[m,n] - A1[1,n] * value; N

o+ -J0
DOHMHSOS

to size do
et =det * A1[i,1i];

det correction:= g( counter * LNé 2),
det§rminant old: de correction e
eve = counter mod 27
if even <> @ then goéo 60 ;
determinant := detérminant _old;
Zoto 50;
60:determinant: ——determinant_old;
goto Q;
determinant°-0
tclrscr;writeln; TextColor(yellow),

LU L
P ILPLI N & B G Y
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FILE: DETERMIN.PAS Program Listing
")

wWwriteln(’'The given matrix is

for i:= 1 to size do

Begin
%or_j:: 1 to size do
B e ATA[L,§]:11)
rite(’ ', 1, : H
End;Writeln; J

End;wWriteln;Writeln;
Write('The determinant value is
TextColor?w

keyread(key,keyold,not_erased);

hite);writeln(determin

Page 2
writeln;

")

DETERMINANT

Regeat int t (58,15 t t 1 ( 11 )
OoX pr r;gotox ;textcolor(yellow);
writel ?’“D FERMIN RES"’g;
gotoxy? 25):;write(’
goto ﬁ 48,17Y;
rea bd,ch);
if (ch=F") or (ch='f’) or (ch='P’) or (ch=’'p’)
then begiln
if ?ch:’F’) or (ch='f’) then
beglin
ﬁotox§é45,15);textcolor(redg
write('PRINTING......... ’
Ass1gn(%ist 'Determin.RES’ );
Rewrite(1list ;
end;
if (ch=’P’) or (ch='p’') then
begin
ﬁotox§é45,13);textcolor(redg;
write('PRINTI e e s e ')
ssign(list,’LST:’);
Rewrite(1list);
end; .
writeln(list,’
§ESULT DY
writeln(list ;
writeln(list,’The given matrix is:');
writeIn(list);
or i:=1 to size do
be§1n .
or j:=1 to size do
begin
write(lisy,? 'L ATA[L,3]:11);
end;writeln 1 ; .
end;writeln st);writeln(list);
write(1ist,’'The determinant value is
writeln(list,determi.ant);
writeln liﬁt);writeln\llst):
close(list);
end;
Until ch in ['Q’.,'q’]:
Assign(matrixfi ‘matrix.

—
v =D

Execute(matrixfi
End.
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FILE: INVERSE.PAS Program Listing Page 1 3‘
rogram Matrix inverse(input,output); a
T8hypedaf. S¥S (inp put) ]
I Ut-modo1.INC) !
i I Boxuser.inc \
e
yP aryé4 = array E1..11} of real; . b
aryé = array [1..21] of integer; \
var
matrixfile :file; !
list stext; !
olynom coeff taryé4; o
inverse tarylis; st
singular,step,stepper :integer; '
2%1 Polynom.inc; e
I Inverse.inc .
begin -
Clrscr; Boxuser; singular:=0; o
characteristic_equation(AlA,size,Polynom_coeff); 2
inverse_find_matrix(A1A,Eolynom coeff,size,Ainverse, boe
Eo .nom_cUeff,singular H '
clrscr;textcolor(yel ow}; 4
writeln(’'The given matrix is: '); writeln; 2
for step:=1 to0 size do N
be§in i
or stepper:=1 to size do .
begin !
write(’' ’,Al1A[step,stepper]:11); &
end;writeln; 7
end;writeln; -d
1f singular=1 then r
writeln?’The matrix is singular.’) .
L4
else o
begin Y
writeln(’The inverted matrix is:’);writeln; &
for step:=1 to size do N
beﬁin N
boriﬁtepper:ﬂ to size do NG
e
%rite(’ ' ,Ainverse[step,stepper]:10,' '); el
end;writeln; ¥
end; ad
end; v
keyread(key,keyold,not_erased); §C
Repoat rint t 58,15); text llow) 5
(e} r er;gotox s;textcolor ow); wa
wr%%g%g?’"IﬁeERSEyﬁES“’ ; gotoxy%1,§g?;)
write H
goto K(49,1z); ;:
rea? bd,ch); M,
if (ch="F") or (ch="f") or (ch='P’') or (ch=’'p’) .
then begin o
%f ?ch=’F’) or (ch='f’') then :*,
egin .
éotoxyg45 1%%;textcolor(red);
write()PRINTING.... . ... ") N
Assign(%ist 'Inverse.RES’); A
Rewrite(list); i
end; el
if (ch='P’') or (ch='p’') then f‘
begin 4]
96
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FILE: INVERSE.PAS Program Listing Page 2 e
otox: 3 ;textcolor(red), he
%rite T}NG e ') o
Assign(%lst 'LST ‘
Rewrite(list); b
en
writeln(list,' MATRIX INVERSE Yy,
RESULT ') ]
writeln list), Y
writeln(list,’The given matrix is:’); h:
writeln list Y
gor step: o size do )
e
%or stepper: to size do =
e N
%rite(lis A1A[step stepper]:11); v
end;write gi b
gnd writeln st? writeln(list), b
e -
%ritelnglist 'The inverted matrix is:’); o
writeln(list )
ggr step: 6 size do N
i %or stepper:=1 to size do "
| begin “.::
write(lift ,'[ste stepper]:10 ) ;
vers s 10, ;
end;writeln list?; P PP :
end
wrife%n liit);writeln(list); -
g ose t); v
untIl én in [’'Q’,’q’1; A
Assign(matrixfile, ’matrix com’); ;
Execute(matrixfile ‘
end. -:
e
[
NY
N
o9
[
Y
!’\
'\
]
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7
‘l'
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N
i
s
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% FILE: EIGEN.PAS Program Listing Page

fﬂ rogram Matrix Manipulation(input,output):;

i I T¥pedef.SYS

o terU -mod@1.INC){$I Boxuser.inc)

- P ary4 = array [1..11] of real;

e arys = array [1..21] of real;

'h arybé = array [1..21] of integer;

!

B0 var

X matrixfile :file;

™ 1ist :text;

s c2,C1 :aryi;

RealPart,ImaginaryPart:ary3s;

%‘ i I Polynom.inc)

it I Rootfind.inc)

4

1 begin

pe glrscr°Boxuser;one:=1;
characteristic_equation(A1A,size,C1);

af root Finder(size,C1,RealPart,ImaginaryPart,one);
K clrstr;:Textcolor(yellow);

g writeln(’The given matrix is:’);writeln;

N for 1:=1 to size do

o be§in

.4 or j:=1 to size do

begin

3 write(’ ,A1A[1i,3]:11);

- end;writeln;

" end;writeln;writeln;

o writeln(’The eigenvalues of the matrix are: ');
3 writeln(’ REAL ' PART
s IMAGINARY PART’);

[ for 1:=1 to size do

begin

A" write(® ’)s

3 write(RealPart[1]:3);

p write(’ ¥ % 3:

! write(ImaginaryPart(i]:3);writeln;

'.:. end;

3

R keyread(key,keyold,not_erased);

. Repe% print toxy(58,15);textcolor(yellow)
o OoX pr er ;20tox ;textcolor ow);
S wr%%g%g?’"EiéEN.Rﬁé"’); gotoxy?1,258¥ ')

o write H

X oL e )

™ if ?chs’F'? or (ch='f’) or (ch='P') or (ch='p’)

then begin

S~ if ?ch=’F') or (ch="f') then

- begin 45,15);textcolor(red)

: otox ;textcolor(r ;

2 %riteY(PgiNT%NG ........ ')

)\ Assign(list, Eigen.RES’);
A Rewrite(list);

-t end;

if gch=’P’) or (ch='p’) then

: beg 5 45,13 );textcolor(red)

o otox: ;textcolor(red);
A %rite?ngiNT%NG AR ")

o Assign(list,’LST:%);
e Rewrite(1list);

o end;

&

o 98

l“.

oy

L}
i

T T O 0 e R A S A ot




L

FILE: EIGEN.PAS

nd;
Until ch in

Assign(matri
Execute(matr

end.

Program Listing Page 2
writeln(list,’ EIGENVALUES
RESULT 'Y
writeln list),
writeln list The given matrix is:’);
writeln st5
for i-- to size do
be§
J:=1 to size do
%rite (1is ,A1A[1 3J1:11);
end; write% §
writeln(list),

end; wri?eln
writeln
The eigenvalues of the matrix_are:
writeln(list REAL PAR
' IMAGINARY PART’ );
for 1:=1 to size do
begin
write
write
write
write
write
end:

% ')
1
1
n
wrife% &é
C
X
i

1
.R alParE[i].10)‘

:I aginaryPart[i]: 10),
353

);writeln(list);

i
%
i
close t
1

t
t
t
i
5t

’ ’f’.’P’,’p’,’Q’,’q’];

F
file, 'matrix.com’);
xfile);
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FILE: POLYNOM.PAS Program Listing Page 1
rogram Matrix Characteristic_Equation(input,output);
18 Tpedat; SYS ~=a (inp put)

I Ut-mod®@i,INC)
I Boxuser.inc
ype
aryé4 = array E1..11} of real;
ary6 = array [1..21] of integer;
var
matrixfile :file;
list ttext;

:ar¥4;
i,j,vertpos,horizpos,poscounter tinteger;
exponent :stringfé];

($I Polynom.inc)
begin

clrscr; Boxuser,

charac stic equatio £A1A »size,C1);clrscr;
Textcol ellaw? tel n-
writeln e given matrix : ');writeln;
for 1 to size do
be§
for, je=1 to size do
e n
%rite(’ ' ATA[1,3]:11);
end;writeln:;
end;:wri eln;writeln;
writeln ’Tg% iharac%esistic polynomial of given
r

vertpos =size+7;
for i:=size+!1 downto 1 do
begin
t=size+1-1;
poscounter:=(j mod 4) +1; shorizpos:=poscounter * 14;

if poscounter = 1 then vertpos:=vertpos+2;
bf % <> 1 then
e
got XYéhorizpos 10,vertpos); write(c1[1]:7:4);
msg +',horizposg,ver pos);
str 1-1:2,exponent
gsg exponent, horizpos+1 vertpos-1);
n
else
begin 2
ﬁotoXY(horizpos 10,vertpos);write(C1[1]:7:4); N
end' g
keyread(key,keyold,not_erased); N
Repeat rinter;gotox 15);textcolor(yellow) -
ox o) ; color ow); -
writel ? b fynomyﬁg 413 v ‘
gotoxy? 25):write( ') :
goto y 49,117); -
rea?? bd cg ; ot
f (ch='F’) 6r (ch='f’') or (ch='P’') or (ch='p’) Y
then begin
éf ch=’F’§ or (ch='f’) then
egin
gotox §4E 1% textcolor(red),
Gritel ) PRINTING. < C¢ ")
Assign(%ist "Polynom.RES’ );
gewrite 1ist);
end;
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FILE: POLYNOM.PAS Program Listing Page 2
1f ich=’P’) or (ch='p’) then
otoxy(4 stextcolor(red);
%riteY‘ gi }ﬁc.. ....( )3 ')
Assig %ist ’LST:’);
Rewrite 1ist);
wriieln(list POLYNOMIAL

RESULT ')
writeln(list);
writeln list5 The given matrix is:’);

writeln
to size do

for 1°=
be§
or j:=1 to size do )
begin .
write(l% {i, ) SATA[L,3]:11);

end;write
end writeln st? writelnglist),

ﬁe (list, The characteristi¢ polynomial of

giv n_matrix is:’ "
writelnilist ? Descending power of S ) '); y
writeln list? '
for 1:=size+1 downto 1 do
begin
e(list,C1[1]:7 ')

str i—1:2,exponent§
end
writ %nili t);writeln(list);
close(list);

nd;
Until ch in ['Q’,’q’];

Assign(matrixfile,’
Execute(matrixfile)

end.

matrix.com?’);
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FILE: CONTROL.PAS Program Listing Page 1

ogram Control input,output);
fslgmypedef. P put);

ro d variable definitions
80301 . %ﬁc) J

(SI(Ut—mo
type

input utility programs

Ary1l = Array[1..11,1..11] of real;

var
Stepping,Steps,step,steppings,
Temp1 Tg mp2, 8a uel ?valugg mgmplus,
last rank,k,valuel pi :integer;
new Matrix1 new_ma r taryls;
big matrix caryl;
ttext;
I control. 1nc; {finds controllability result)
I Boxuser.inc
egin
value1 := 1; va pl valueil;
ClrScr;Textcolo ¥e ow)
wWriteln('’'The A ma rix is : ’);writeln;
For steps t= 1 to size do

Be
%or stepping t= 1 to size do

SofET
rite teps,steppin :11);
End; gteln Als P PP g] )i

End; wri?eln wri teln;
writeln hé B Matrix is : ’');writeln:
For steps ¢t= 1 to SIZE do

Be
%or stepp ng:=1 to ni do

begiy

rite(’  ',B[steps,steppingl:11);
end;writeln;’

End; writeln: writeln-

For steps'si to size do

Be
%or stepping :=1 to ni do
Begin

new_matrix2[steps,stepping] := B[steps,stepping];
new_matrix1[steps,stepping] := B[steps,stepping]; )
End; )
End; mplus:: size~1; value2:=valuel; ]
goristeps := 1 to mplus do s
egin -
& matrix_multiplication(A1A,new_matrixl S
new matrixi,size,siz® value25; -~
step := valuel +1; valuel := valuel + valuez; >
For k := 1 to size do Py
Begin -
~r stepping := step to valuel do N
Begin N
stepping $ = epping tep+1~ NS
new_matrix2(k ing .
new _ma rix1[k steppings];
End;
End;
End;
%or steps :=1 to size do
e
%or stepping-=1 to valuel do
begis
ig matrixisteps,steppin ¢ =
new_%atr§22?step£ stgpp ng?p el
102 PYs
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FILE: CONTROL.PAS Program Listing Page 2

End; mplus:=1;
For steps :=1 to size do

Begin
ﬁatrix reduction(big matrix,mplus,size,last_rank);
E gplus T= last_rank +1;
_ nd:
q
If last rank = size then
3 Writeln(’'The system is controllable. ’);Writeln;
If last r < size then
system is uncontrollable. 'Y;Writeln;

13 us;
EYOLD,NOT_ERASED)

P

otox fl?z;textcolor(yellow);

58
RESEY kR )

C
? Swrite(
? ér (ch="f’') or (ch=’p’) or (ch='P')
3 or (ch="f’) then
:Textcolor(red);

1
PR?%TING........ 1)
st, 'control.RES’);
ist);
(

Syt
Al

CONTROLLABILITY
RESULT ')

Writeln ;’The Plant matrix A is : ');
i to size do
, Beﬁ n
F, or stepping := 1 to size do
' 1 t’),A1A[steps,stepp1ng]:11);
Siwiiteln(1list);
é'input Matrix B is : ');
writeln(1l
For steps to SIZE do
Beﬁin

or stepping := 1 to ni do

)

Begin
: 6rite(lis¥

End°Wr1{e1n

—dwe wpderct

End;wri%e n

fo

t);
t?;Writeln(list);
size then
he system is controllable. ’);

-

war~

-

: ' ,B[steps,steppingl:11);
s

5 b
~ e vt R W

ize then
'The system is uncontrollable. °');
r

;writeln(list);
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FILE: OBSER.PAS Program Listing Page 1
Program ObservabilitY(inYut,output),
; label

label 1;label 2;labe 45
{$I Typedef.SYS) (program type and definitions)
type
yP Ary1 = Array[1..11,1..11] of real; !
var t i t t t 1,%t 2, :
ste ng,steps,ste em em
ddpgo %alueg iastpran P P : integer; .
matFix ¢ aryls;
matrix_matrix : aryl;
list : text; :
I Boxuser.inc J
I Control.inc .
I Ut-mod®i.inc) {(utility input routins}
Beéin
1rScr; Textcolor(yellow); !
wWwriteln('The Plant matrix A is: ’);writeln;
Forigteps := 1 to size do
e
goristepping := 1 to size do
eﬁ n
rite(’ ' ,AlA[steps,steppingl:11);
End;Writeln; [ P pping] )
End;Writeln;writeln;
wWwriteln ’The output Matrix C is : ’);writeln;
Fgr stepping := 1 to no do
%or steps:=1 to size do
begin
Write ' ,C[stepping,steps]:11);
gnd swrite n,
en

wriieln swriteln;
add no*=no, value?2 s=1;
For™ steps = 1 to no do

Be
§gristepping to size do
%atrix matrix[steps steppin 1=

steps,ste bing
3atr1x[steps stepping p éfstggs s%epping]

End; W
4:matrix reduction(matrix matrix, dd _no, )
size,ldst rank
(calculate the rank of he matrix)
If last rank < size then GoTo 2;
Writeln(’'The system is observabie with 1ndex ',

e2 );Writeln;
gE%READ( YEY,KEYOLD,NOT ERASED& by
oTo 1; :
:If val e2 < size then GoTo 3; -
riteln ’The em is unobs?rvable. ') 3
KEYREAD( Y KEY LD NOT ERASED :
Writeln;
3 valueé %= vaiue2+1

size,size
(multiply the A and C matrices
For steps := do .
Begin <
Step:= last_rank + steps; Iy
for stepping:=1 to size do .
Begin

matrix multiplication(matrix AlA, matrix;no,

104 .
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FILE: OBSER.PAS Program Listing Page
matrix matrix[step steppin% :
matrix[steps,s epping],
End;
End;
add no := last rank + no:
GoTO 4; -
1:repeat
Box pri ter*gotox é 8,15);Text olorSyellow),
wr%%e 9?’"0B ER.RES™ ); gotoxy? 'ys
write ;
oto (49,1;);
bd cg :
ch-’P’ or (ch=’'p’) or (ch='F’') or (ch=’'f"')
then egin
%f ch='F’) or (ch='f’) then
egin
éotoXY( 5 15)'textcolor(red),
writeln(’PRINTING...... DY
Assign? %st "obser. RES'}
pri?t observability output )
Rewrite(list ;{to file on the current drive)
If i -’P’) or (ch=’'p’) then
gotox 3);textcolor(red);
write RINPING. ... ...... ")
Assign 1st,’LST:’§
{print observa ility result to the printer)
En Rewrite list);
Wrifeln(list OBSERVABILITY RESULT ')
Writeln(list): Writeln(list%
writeln(1list,'The Plant rix A is :');
writeln ist)
gor steps s = f to size do
e
%or stepping t= 1 to size do
ﬁrite List,? ', A1A[steps,stepping]:11);
End; Wri%e%ngii t); [step pping]
End:WriteIn(1 st?;Writeln&list),
writeln(list,’The Output Matrix ' C is : ');
writeln 11st};

For steps to no do
be
%or stepping.-1 to size do

C[steps steppingl:11);

ﬁrite(lis
end;:;write ii t
end;Writeln L ? Writeln(list),
If {ast rank = size the
Writeln(list, 'The system is _obseryable with
1ndex val
If (value2 >= size and ?last rank < size) ghen
Writeln glis 'The sy tem s ufobservable. ');
write ni st writeln(list
Close st

End
Until Ch in [’'Q’,’q’ J;

’

Assign(Svs?ile,’svs .Com’

re-execute SV%'main program})
gxecute(SvsFi e
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\ FILE: LUENBERG.PAS Program Listing Page 1

rogram Luenberg observer(input,output);
?SIgTypedef SYS ? (inp put);

Ay i i Ut—mod01.INcg
I Ut-mod@2.inc

-
P

- -
- o«

' label 940;label 960;label 22;label 28; 1label 950;
)
= Type
> yP aryl = array [1..10] of r
N ary2 = array [1..30,1..30 of real;
. ary>3 = array [1..30] of real;
aryé = array (1..11] of real;
- v aryé = array (1..11] of integer;
. ar
o rrl ,rim,000,0000 treal;
.- i,NR1,1 ,mm nrm nrp, ixx, jxx s one,
. nrn,nr,r , t 10, umran’ii i
= code verfpos horlzpos poscoun :g?teger;
coe}f coef,desired_feedback 5ar§45
- f caryls;
W\ beta, tarys:;
' E rarye;
2 25 tteXt;
A sﬁrg ,exponent :ggg%ng[zj;
chan : ean;
-E spec%fication :stringl5];
Realpartvalue imaginarypartvalue :ary3s;
g temp, inputt ype :char;
‘.
N {$I Ut-mod®3.inc)
~
L ($I Luenberg.inc)
: I Pole.inc)
’ §§I Rootfind.ing)
o I Boxuser. inc?
7 Begin
o élr Scr; luen:=true;one:=1;
o for i:=1 to size do
~ for 1l:=1 (o] (o]
- gotoE%%J’EE %’ I3
'f in¥vid?o(éPséss <ESC> to change it!, DY
. otox ;
< %nvvig o(’%hen type r 1n ut with <ENTER> key ’ )
N gotox 2,1 s Tex color blue
2 write * % % Lue erger bserver Design
5 arameters ®*#*%’ ).
; Te¥§Color yellow? )
. wr eln ’=============.-=========================’ :
M Tex%Color(yellow),
- gsg Input degree of observer ( 10 max)’ ,1,5); ]
epeat
< 7 inp t('N"," ,3,true,F1,F10); )
- ?answer r, oo ]
2 g 1 ) then beep(900,350);
1 until+ r <= (r > @ ; «
1 rp:=r
mgg( Input the Desired Feedback Coefficients in y
,Factored <F> Form j
A or Coefficient <C> Form ',1,8); )
re )
M ?n put(’'A’,’cC’,64, 7 2 Erue ,F1,F10); 4
. temp =copy(answer, 1,1
N 106 '
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FILE: LUENBERG.PAS Program Listing Page 2
if not (temp_in [’'F’,’C’]) then bee 900,350);
until temé inp[ [’C’j° ] p( )

inputtype:=temp;

Case inputtype of
'F’:begin

if change then

for 1:=1 to size do

begin
str realpartvalue[il: : F11var[2*i+9]),
str(imaginarypartvalue [

ilvar[2*i+1®]),

input Factored('POLES’,size,RealPartvalue
maginaryPartvalue5:

end;
’C’*begl
if change then
for i'- to size-1 do
begin

str(Desired_feedback 51ze 1
C lvar[s%ze+2é i]);

input coef(’POLES’ ,size-1,Desired_feedback);

nd;
end; ClrS r Writeln; éotoxy(1,22),
invvid o(!p ess <EST> to change’it!, ")

invvid? % én t e your in%ut \"4 th <ENTER> key °');
1 ; Tex olor ligh blue

Luenbe ger Observer Design
nput P rameters * % n) S
textcol yellow%
writel n =========================================’ );

tex?color(green)

msg( ’' Input observer characteristi? ?olynomial
Factored ', 1 ,5?:
msg(’ or Coefficient (C) For ,1,6);
re
‘ ?nput(’A’ ,65,5, 2 true,F1,F10);
temp: answ r 12;
1 if not temp in 'C’]) then beep(900,350);
: until temp ,’C’%;
if temp = ’C’ hen goto 950; N
if change then ]
for 1i: to r do o
begin LEY
strirealpartvalue[i :8:2,Fil va ?;2 <)
a; str(imaginarypartvalue[1]:8:2 lvar {+10]); oA
en
1nput Factored('PQLES’,r, RealPartva%ue, 51
ImaginaryPartvalue H <
. o~
i Polynomial_of _rogts(r,Realpartvalue, <
1 Imaginarypartvalue coef); GoTo 960; ?j
| 950 :1f change then "
l gorii'- r do ®
i e L}
€ str(coef[r-1]:8:2,Filvar[r+22-1]); EE
end; ,{h
input_coeff(’POLES’,r,coef); ﬁﬁ

’ 3

root_finder(r,coef,realpartvalue,
imaginarypartvalue,one);
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D FILE: LUENBERG.PAS Program Listing Page 3
ClrScr; Writeln Writeln:

writeln The observer eigenvalues are : %’
h Writeln REAIL PART IMAGINARY PART’); ,
¢ fo := 1 to r do

Beﬁ .
. rite(’ ',realpart alue[1]:1g,’ + ', .
‘ émaginarypartvalue '5:16, J '); Writeln; K
& Writeln; ;Writeln;

writeln(’The QObserver characteristic polynomia %
- Writel coefficints in ascending powers  of S');
% r ein;

for i:=1 to rp do

Be
%rlteicoef[i]°1® ') y
teln;writel
%69 %EYREAD?REY KEYOLD NOT ERASED) ClrScr;
or i:=

Be
%or 1: 1 to 30 do
Be
En %HI[i 1] :=0.0;

o r—i

o'=HN
oM
+
(o]
N
Q
o]
(o]

wHHER S AER SIS0 AR Q>R 3 - el
el L= Lol ol o iey IS Re fa T ots

)

— N e

[ ¥o B

oovotlj—‘—" B)—W_a

.
|l o |}

g A I S R B S ]
o

DR R R P

13

+size:

to size do
[nr+i] := desired_fzedback[i]; 3
t= 1 to r do y

ze*(i-1);
1 to r do !
iz

ze * (1-1);

ORIl oOonps

.o m)—‘-
>

wHt 38R ohhs
mw"..b’-& FAS oo oo

[LXe)e]
MO k-
[}
el
lll—‘-

"
el

r k 1 to size do
%1n
dgx[11+k,jj+k] := -F[1,1];
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FILE: LUENBERG.PAS Program Listing
Begin
i'§ 11—1? * gize;
for 1: to size do

Be
gor k: 1 to size do
e
%H1[1+1 i+k] := PHI[i+1,i+k]+ A1A[k,1];

End
End;
End;
gori i:= 1 to r do
egin
g :=_size * (ii-1);
for 1'= 1 to size do
Be§
HI[nr+l i+1] := H[ii];
End
End;
for i: 1 to size do

Be
%or 1: 1 to no do
e
%HI[nr+1 nr+l] := C[1,i];

End
nrm := nr +no;
goriii:= 1 to r do
egin
g:= size * (11 2£
:= nrm + 1-1);

for k.- 1 to no do
Be§

or s'- 1 to size do
Be%

HI[1+s t+k] := -C[k,s];
End

End;
End;
mm:= r* (size+no) + no;

Boxuser
TextColor(white),

linear_equation(PHI,NRN,MM,BETA,X,K,U);
for ii:= 1 to r do
Begin
3ze * (1i-1);
AJ[ii : :
for o := 1 to size do

Beﬁqfi J:=AJ[11] +E[o] *Xx[i+0];

En
End;
nrl := nr+1;
ClrScr;Writeln;Writeln; textc lor ¥ellow);
Wwriteln(’'The F Matrix is ? eln;
for i:= 1 to r do
Beﬁin
Borio:=1 to r do
egin
ﬁrite(’ ' F[i,0]:11);
gnd;Writeln;
n L]
KEYREAD(KEY,KEYOLD, NOT_ERASED); ClrScr; Writeln
textcolor yellow ;Writeln('The Gi Matrix is
Writeln;
for ii:= 1 to r do
109
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FILE: LUENBERG.PAS
Begin
g:= no *411-1) + nrm;
for o:= to no do
yX[o+i]:11);

teln;
2dMafrix is : ’);Writeln;

Q-

' AJ[1]):11);

End;

KEYﬁEAD(KEY KEYOLD,NOT ERASED)

ClrScr;textéolor yellow ;Write

Writeln ?’The output feédbac
Ascending powers o

for o:= nr1 to nrm do

2 Y Y gv!

Begin

ﬁrite(' 'L X[ol:11)
End;:wri Eeln wr1 teln;
Wrifeln

?he compensator feedback coefficients are

ascend*n% powers of
wrlteln for 1i: or do
Be
En ﬁrite(’ ' H[1]:11);
KEYﬁEAD(KEY KEYOLD,NOT ERASED),
Repeat
ox printer;textcolor (ye low) gotoxy(58,15);
write('"LUENBERG.RES"
gotoxy21 25):write(’ ')
Otofﬁbééé1 5:
ea :
%f ?ch:’?’g 6r (ch='p’) or (ch='F’) or (ch='f’) then
egin
%f gc =’F’) or (ch='f') then
Begiln
gotox4(45 15%,Textcolor(red),
write( ) PRINTING...... ... ')
Assign(list, ’luenberg.RES’);
E ewrite(1list);
n .
if (ch="P’) or (ch=’'p’') then
Begiln
gotox.§45 13%;textcolor(red),
oritol) PRINTIRG e DY
Assign(list,’LST:?);
E gewrite 1ist);
n -
Writeln(list,''LUENBERGER OBSE VER RESULT '’ );
For 1:=1 to é do writeln(list
writelin(list,’The plant matrix A is : ');
Writeln list)
for i:= to size do
Be§in
or 1l:=1 to size do
Beﬁin
rite(list,’ A1A[i 1]:11);
End;Write%n fist
End;Writeln(1l
Writeln(list ’The 1nput matrix B is :’) ;
Writeln(list);
or 1:= to size do
Begin

for 1:=1 to 1 do

ﬁrite(list,' ,B[1,1]:11);
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FILE: LUENBERG.PAS Program Listing Page 6 s

. End;Wri eln( 1st), J

' End wWri eln

D Writeln ’The output Matrix C is:’);

v Writeln list)
fo := 1 to no do '

) Begin

. for 1 =1 to size do "

Be§ !

N rite(l ,c[i,1]:11);

. End; wri el t); '
! End;Writeln(1li '
Wwriteln list,’The des red feedback ?oefficients

: Writeln(list);

> for 1i:=1 to size do
Begin

” for 1:=1 to 1 do

i Beﬁin

; rite(list,’ ,desired_feedback[i]:11);

A End;Writeln % st ) 4
End;Writeln(list); '
Writeln(list,'The observer eigenvalues are : ’%; .

p Writeln(list, 'REAL PART IMAGINARY PART’);

g or i:= 1 to r do §

) Begin v

. write(list,’'’,realpa tvalue i] 10, q

) ima inarYpar valuef Y Writeln(list) {
End;:Writeln(list); "
writeln(list,'Thé Observer characteristic

polynomial coefficints in ascending powers of S’');

LAY

or i:=1 to rp do X

Begin
o Writegl st,’ ’,coef{i .11%
4 End;Writeln(list); writeIn(lis 5;

Writeln(list,’Thé F Matrix is )Y;Writeln(list);

for i:= 1 to r do
. Begin
N gorio:=1 to r do

egin

N 6rite(lis ! ,F[i1i,0]:11);

N End'WPI?eln %i ),

W End:wWriteln(list): A
Wwriteln(list, The G1 Matrix is : ’');Writeln(list); :
for 1ii:="1 to r do

< Begin

o i:= no *$11-1) + nrm;

; £°r1°:= to no do

v e n

& ﬁrite(lis ’ yX[o+1i]:11);

i End;Writeln ),

8. End;Writeln(1list

P Writeln (list,’'The G2 Matrix is : ’);Writeln(list);

‘3 gor i := 1 to r do

" e

‘ ﬁritelnil st,’ JAJ[1]:11);

; End;Writeln(list); .

g writeln (1list,’The ougput feedback coefficients

1 are Writeln(list); 1

- gorio:= nr1 to nrm

‘K] e n

o & Writeil st,’ g 1 12‘

A End:Writeln(list); wri st%

. writeln(Iist,'Thé compensato eedb ac?

’ coefficients are :');Writeln(list);

v for 1:= 1 to r do

‘ Begin

R N e e NIRRT AT A A N AT
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FILE: LUENBERG.PAS Program Listing Page 7
Write(list,’ ' ,H[1]:11);
End;
for 1i;:=1 3 do writeln(list);
glose(list?'
Untll h in ['Q’,'q" A'
Assign vsFile, ' 'svs.COM'); :
Execute SvsFile); &
End N
,
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FILE: OPTIMAL.PAS Program Listing Page 1

rogram optimal control(input,output);
I Typedef.sys
Graphix.sy
Kernel.sys
gi?dows.syﬁg
0 on.
Axigghghgg
Ut-mod@1.INC { I/0 procedures)}
Ut-mod@2. INC
Ut-mod®3.inc

HHH HHH A

A~
$hH R

i
Grapmenu.ing)
Boxuser.inc
abel 2;label 3;
const
xarray : string[14] ='TIME INTERVALS’;
var
GTNY : array [1..80] of real;
GTN : _array 1.:7071°.807%¢% real;

PSI,P1,D3,D4,FI,Q,gamma raryls;

p2,b1,4T tary3s;
ti,i,j,l,nterm,kk,code tinteger;

y,ymax,ymin,r,denominator,negati ,si,result :real;
rapharray,grapharray! :plotarray;
umggraph,quit tboolean;

lis ttext;

ans :char;

{$I Optimal.inc)

Procedure PrintGraphData;
?this procedure dumps optimal result data to printer)

Begin

eaveGraphic;Clrscr; Textcoloréﬁellow);
Center(’'*#*% PROGAM OUTPUT OPTIONS *#% »1,10,80);
TextColor(green);
msg(’Press <(P> Print results to _the printer ’,1,12);
msg( '’ < List results to file nam
"OPTIMAL.RES" on the current drive’,1,13);
msg( '’ < Quit ',1,14);
repeat
ea (kbd,ch)*
f (ch =""F') or 2ch = ’f’g or (ch = 'p’)
or (ch = 'p! then
begin

%f ch = 'F’) or (ch = 'f’) then
egin
ﬁssign(%ist ;Optimal.RES’);

e ’

"LST:');
) )

’

~ Nt
cte

o1 D‘m :rm 3-. - e

OPTIMAL CONTROL RESULT ');

? org r of the system is:’);

zZe: H

? ggmber of time intervals is:');
e scaler R is:');

:7:4?;

N DINAN
ct wct et <ctcteect -0
- Kl 3 P~

b b b b b e e
N~

£

-3

-

ct
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FILE: OPTIMAL.PAS Program Listing Page 2 3
-~
writegl st, 'The s?mple interval is:'); -
writeln(list,ti:4); -
writeln(list); -
writeln(list, 'The A matrix is:’);writeln(list);
or 1l:= 1 to size do )
be§in o
bori:j:= 1 to size do wy
egin
gwrite(li t,’ ',A1A[1,3]:11);
gnd;wr%tﬁl?ilis ):
end; writeln :
writeln(list, 'The B matrix is:’);writeln(list);
or 1:= 1 to size do
beﬁin
borij-- 1 to ni do 2
egin ]
8write(li t,’ ',B[1,j]:11); "
end;writeln(list); By
end;: wr teln? ist); -
writeln st, e matrix is: swriteln st);
iteln(list, The Q matrix is:’) iteln(list) i
or 1 := 1 to size do
beﬁin ﬂ
or j:= 1 to size do A
begin i
write(list,’ _’,Q[l,3]:11); 0t
gnd:w;%t%l?i%iig); o3
end: writeln st): oy
writeln(list, 'The FI matrix is:’);writeln(list);
or 1:= 1 to size do '
beﬁin >,
boriJ:= 1 to size do e
e n v
’ gwrite(li t,' ,FI[(1,3]:11);
end;writeln(list); 4
end: wr teln? ist): k
writeln(list,’The GAMMA matrixis:®');
writeln listS; ,
or 1:= 1 to size do sf
begin N
borijzs 1 to ni do . d
egin :
{ gwrite(li t,’ ',GAMMA[1l,3]:11); E
end:writel flis ) '
end; writeln? ist): 8
writeln(list, 'MINIMIZATION OVER ALL STAGES '); :'
writeln list); -
write(list,'N éstages)’): -
or 1l:=1 _to 1 do ~)
write(list,’ GAIN:’,1i,’ ') :‘
writeln(list);
write%lgst,’ —————————— ') )
for 1:=1 t0 1 do Ky
wri?e list,’' -—=—==v——=- ') s
writeln(1 sti' o3
for j:= 1 to ti do W
begin N
write(list,’ ',3j:2,” ') o
gor11:=1 to i do N
egin )
write(list,’ », graphArray1[j,1]:10); v.
end;wrigeln?iist), erap o
end; .
end; -
until ch in ['F’,’'f’,’'Q’,’q’','P’,’'p’']; -
EnterGraphic; -
swapscreen;
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FILE: OPTIMAL.PAS Program Listing Page 3
glose(list);

begin
glrscr ?extColor(lightblue
writeln D n of Optimal Control

proced re **5
Textcol r(yellow .
otoXY? ,25); Ianideo( Press <ESC> to change it!'
hen pe your nput with <ENTER> key’ ?;
Tex Co or(green

Msg 'Input number of time nterva s for SUM
\ procedure? ( Mg 99

N t(’N’,°50",65,4,6,true, F1 F{o
' answer,ti,code);
Msg ‘what is Xour sample interval? ',1,6);
t(’N’,'0.71’,35,6,6,true,F1,F10);
answer,si code§°
Msg "What is the value of scalar R _? ,8);
t('N’,’0. Q’,S?,B,é,true,F1,F1Q):
answer,r,code);
Msg 'For the following options Which cost
function do you wan *,1,10);
TextColor(lightmagenta);
Msg( 'COST=terminal+fue +trajector¥ or
COSTsterminal+tra1ectory 2% ,1,11);
Msg(’COST:termina1+fue or
COST=termi <13 ,1,12);
msg( ’ ',1,135 text olor( ellow);
msg( ’'Where textcolor iightmagenpa?;15
ms » oy H
msg ’ Terminal = 1/2 X (N) Q X(N) ' 01,16)
msgZ(’ *o1,17)%
msg( ’ N-1 T f,{,1 ;;
ggg ! Trajectory = 1/2 E;; X (k) Q X(k)’ f1éé )3
msg( | 11,2103
ns&l. Fuel = 1/2 = U (k) R U (k) ' 1234}
ms uel = ) ;
msg ’ EEE v §,28);
InY t('N’,’0’,65,10,2,true,F1,F10);
va answer,nterm codeS clrscr*
writelng’enter the element of Q matrix: ');
gorii-a to size do
egin
%or J:=1 to size do
beg n
1,J):=
write(’ write rite(’,’);write(]j);
write(’)= ‘'J);iread i, j? ;
end;writeln;
end;
ReBeat
1rScr; Writeln:
Writeln(’The Q Matrix is : '); writeln;
for 1 :=1 to size do
Beﬁin
or J =1 to size do
Be6in
rite(’ ', Q[i,3]:11);

End; writeln;
Wriﬁe(’Do Jgu want ¢t ch nge any. element of
Matrix 7 ? 7
Read(? Ans s write
allows tser to change entered data )
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FILE: OPTIMAL.PAS Program Listing Page 4

i Ans ='Y’) or ( Ans ='y’) then

n
write Input the row to chanﬁ t 7)) seadln(i);
write ’ put the column to ¢ ange t ')
readl a wr te n'
w ite? vJ»')= ')s;readln(result);

En resuit,

Until 'Ans 1in ’§

textcolor(whi e

Boxuse

"EAMMA(SI,FI,GAMMA);
?nczll procedure to calculate fi and
gamma matrices )

TextCol ellow), clrscr;
writeln? matrix is : ');
for i: to size do
be§
or j:=1 to size do

begin
write(’ ,FI[1, $11);
end; wri%el [1.3] )3

end;wri eln writeln'
writeln(’'The gamma matrix is: ’);
for i- to size do
be§
=1 to ni do

write(’ '  GAMMA([1i,3]:11);

end: wri eln; write1n°

keyread key keyold, not _erased);
BoxXuser;
for 1i:=1 to size do

be
§1E :=0.0;
D2(i]:=0.0;
gor1 t=1 to size do
e
63 1,3]1:=0.0;
D4(1,1]1:=0,0;
P1[1,3]:=Q[1.3];
gnd;
end;
:=é.0;ymax:=@.Q;ymin:=0.0;
borikk:=1 to TI do
egin
ﬁenominator::@.w;
for 1:=z1 to size do

begin
or J:=1 to size do
beﬁi
101]:2D1[1] + GAMMA[3,1]1 * P1[3.11;
end;
end;
for 1i:=1 to size do
beﬁin
or J:=1 to size do
beﬁ
2?1]-=D2[1J + DI[3] * FI[3,1];
genominator'adenominator + D1[1] * GAMMA[1i,1]; ]
denominator'=denom1nator+ R;
negatif:=-1.0;
for i:=1 to size do

be
éT?i]:s negatif * D2[i] / denominator;
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FILE: OPTIMAL.PAS Program Listing Page 5

GT s KK GTLI];
D1?£§:=0 [1]
D2{i]:=0

1

end;
for i:=

begta

J:=1 to size do
beﬁin
SI

[1,3]:=FI(i,j] + GAMMA[i,1] * GT[3];
end;

end;
for 1i:=1 to size do
begin

or j:=1 to size do

begin
or 1l:=1 to size do

be%%?i,j]::DB[i,J] + PSI[1,i] * P1[1,3];
end;

end;
end;
for 1:=1 to size do
be§1n
or j:=1 to size do
begin

or l:=1 to size do

i
::é@?i.J]:=D4[i,j] +D3(1,1] * PSI[1,3];
if n m oto 2;

te <=_0 then
, 1t1,3i?2§§£§§41 AT R e oo >

v
—t
[y

o
g
—
[ Y
(8
L

we oo

1 to size do

oo
[(Jele

AO® OHRTA0
“3 QOK =B

1 to size do
jl:=0.0;

ACRSS, AW N
MR yerb

—aw.
[

.o
[ ]
—

to size do
=1 to ti do

oo
[(JeRe]
o'+ 3 A0
QOKH w3
Y ) R Jo I

HhHy  HhEge-
Z5<-

> Ymax then Ymax:-=
< Yming then Ymin:-=
Grapharrayl[j,1 t= 3
&rapbharray 2)].:= ¥
grapharray jvil:= y:!
end;

Ymax:= 1.2 * Ymax;

§£g2}36$N¥¥ég35 then y:=GINY[{]
else y:= 1.0e H

initgraphic;
selegtwindow(1);

Zotoxy(4,4);write('G’);
Zotoxy(4,5);write( A’ );
gotoxy(4,6);write('I"');
gotoxy(4,7);write('N’);
Zotoxy(3,9);write(i:2);
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FILE: OPTIMAL.PAS Program Listing Page 6
drawtext£250 195 1 xarray),
Niceaxes n, ymax )

Selectworld?worldn xg
Selectwindow(windowndx

Drawpolygon(grapharray, 1.-(ti 1),0,0,0);

repeat until keypressed;
quit:=false;
repeat
raph_ menu(’OPTIMAL CONTROL GAIN
PLOT’' ,dumpgraph,quit);

if dump%raph then printgraphdata;
until
leavegraphic,

end;

Assign(?vsFi svs.COM’);
gxecute SvsFile);
en

.
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FILE: POLE.PAS Program Listing
program pole_placement(input,output);

{§ ¥pedef sys). {(comman type & variable definitions)

.1nc
I Ut-mod@2.inc
label 100;1abel 110:1label 120;:label 1 '1 el 1 s
label 150; label 160;label 170;label ;label 1)
label 200;1label 210;
type
ygry6 = array [1 21] of integer;
aryéd = array l1..11] of real;
var
AA,PIN,P10Q taryls;
ccé taryéd;
CC,H,DEN,E,HH tary4;
realpart imaginarygart real part,
ima inarY part,rea root imaginaryr oot,
realpartiTima narYparti tary’s;
nn,umran, § n2,n1,m ,er ,
vertpos hor: zpos poscounter code tinteger;
Zainl test treal;
input? :char;
exponent,strg :string(2];
Change factored tboole :
specification :str ngfé];
inputfi tfile;
reduceorder msize,one tinteger;
ist ttext;
I Ut- mod®3 inc)
I Pole.in
I Polynom 1nc;
I Inverse.inc
I Rootfind. in?)
I Boxuser.inc
begin open loop calculatigns)
nn:=size+1; Boxuser;luen:=false; =1
CHARACTERISTIO EQUAT ON(ATA-SIZE.DEN);
call polynom.inc}
clrscr;TextColor( ow);
writeln(’Denomina or of Y(s)/U(s) :');
vertpos:=2;
for i:=nn downto 1 do
begin
§:=nn—i'
goscounfer::(J mod 4) +1;
orizpos:=poscounter#*14;
if poscounter = 1 then vertpos:= vertpos+2;
%f 1 <> 1 then
e

otox os—1® vertpos);

éri iﬁ f ip P )3

msg
gsg(exponent,horizpos+1,vertpos-1):

en

else
begin

horizpos vertpos); str(i-1

:2,exponent);

otoXY(horizpos-10,vertpos);write(DEN[i]:7:4);

end writeln writeln;writeln;writeln;

root_finder(size,den,realpart?l,imaginaryparti,one);
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FILE: POLE.PAS Program Listing Page 2

writeln('The poles of the ¥Y(s)/U(s) are:’);
writei’( e P e ¥(s)/U(s) REXL PART’ );
IMAGINARY PART ');

1
for 1:=g to size do

teﬁ’ ;
te(realparti[il:7:4); write(’ + ')
te n?imgginaﬁy%art1Ei]:7:4?; ! )
keyread(key,keyold,not_erased);clrscr;

for i:= 1 to_size do
P10|i,size]:=B[i,1];

for
be%igj
or
be

2 to size do
1

to size do

]

O —2ee P
O SN B e
==

S

jq?lﬂiﬁ'k :Zjﬁfi,1];
i,3]:= PTO[1.4] +A1A[1,1] * P1o[1,k];

e

]
-y

to size do
0.9;

12 81515%19% cr1.31 + colils
to size do

o'H0
[cYoXe]
HCIR S .0
OQH w3
ns QRS QA
.

i

[}

o'rH0

oo

BR=n
Q
-

ve b chotoeve Fheo o we
(o]}

> 2.0 then goto 100;

—0
oo el
o g TN o 1Y R Ro B g SNol o

O HHHH0

<
lor ellow);
umeggtor of Y(s)/U(s) :7);

do

NZO0 b

~ SO Qe

ooﬁ(f’

OO QB
nnas¥ QB
Bn <0 Br

o TR
NSOl
o]
£
o]
ct
(0]

e fe A1

<O ctctes
- " SO
fo 233 g"s"\

ON

.

mod 4) +13horizpos:=poscounter*is;
1 then vertpos:= vertpos+2;

o] ¢!

OHHTO

a3 00B
+=

pos—10,vertpos;§writ?igc[1]:7:4);

Y
msg? S rizpos,vertpos); str

gsg(exponent,horizpos+1,vertpos—1);
begin
gotoXY(horizpos—1w,vertpos);write(cc[i]:7:4);

end;
end;writeln;writeln;writeln;writeln;
msize:=m-1;

root_finder(msize,CC,realroot.imaginaryroot,one);

é%AL PART’ );

wr%%ein(’The zeros of the Y(s)/U(s) are:

write('’

write ng’ IMAGINARY PART ');

for 1:=1 to msize do

begin
write(’ * )
write(r alroot[i]:7:4E' writ?(’ +3 ")
write n?imaginaryroot 11:7:4%;
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FILE: POLE.PAS Program Listing

end;
keyread(key,keyold,not_erased);clrscr;

=m-1;
clr cr;textcolor(green);highvideo;
msg? Inpu%ithe,d331 ed ¢closSed- loop characteristic
equation
msg(’ Fgctore (F; form or Coefficient (C)
form ?°,1 ;
repeat read(kbd, nBut2
until input2 in 1L, C? J
%f inpu 2 = 'F’) or inputé $£75 then
e
if change then
for j:=1 to size do
begin
strgreal part[j]'1? filvar£2*j ?;
str(imaginary_part[] lvar *J+1®]),

nd;

1nput factored(’POLES’,size, re?l_part,
to 1203 imaglnary_part H

o .

end;
if (input2='C’ ) or (input2=’'c’) then
cilrscr;m:=size+

if change then

for j:= downto 1 do

be

%tr(E[j]-10 :2,Filvar([size+22-j]);
end;umran
input_ coeff( POLES’,size,e);

root finder(size E,real_part,imaginary_part,one);

clrsT

write(‘The roots of desired closed-loop
haracteristic’ ?

write "“polynomial are: ’);

write(’ REAL _PART’

write ng’ IMAGINARY PART °

for 1i: to size do

begin

writei

wewe

-

write

+J
writeln

al art|i T:4 writ
1m§§ina£y1partﬁ ?(

end;
ke¥read&key,keyold,not erased);clrscr;
oto 180; -

12@ for i:=1 to size do

be
%or je=1 to size do

begA?i 31:=0.0;

o oo

——1maginaFy
'—imafinaﬁy ﬁar{ [1
t=rea
f (i-size) < 0 theﬁpg o
I

CHARACTERISTIC_EQUATION(AA,S ZE,E);

uu-b--- oo Qe 3

H-J~ o P B
o HIL D) oo

<H>0.

y &
'—Fea part[ii
arE

1

= = ek S (D
4 >0 3
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FILE: POLE.PAS Program Listing Page 4
: %80:for i+=1 to size do v
ezin
) ﬁt1]:= E[i] - DEN[i];
end;
i gor.i:=1 to size do
egin
€CCril:=C[1,41];
end;

. INVERSE_FIND_MATRIX(P10,CCC,SIZE,PIN,CCC,ER);
1 to size do

gor_i:=
eﬁl
H{i]:=0.0;
go§i§°=1 to size do
e
ﬁH?i]:= HH[i] + PIN[j,i] * H[j];
end; o
end; &
gor11:=1 to size do -
egin '
gorij:= to size do y
e
®AL1,31:= A1A[1,3]1 - B[1,1] * HH[1]; ;
! gnd; N
end;
~
CHARACTERISTIC_EQUATION(AA,SIZE,E); N

%f CC[1]=0.0 then
§a1n1 :t=1.0; goto 210; -

]/gain1

:20.0 then reduceorder°=seduceo der-1; :
clrscr;Writeln( ’'Numerator of the Heq(s) is :'); p
vertpos:=2; -

X for i:= size downto 1 do "
2 begin ’
:= size -1i; -
poscounter:=(j mod 4) +1;horizpos:=poscounter*14; -
if poscounter = 1 then vertpos:= vertpos+2; .
if i <> 1 then .
begin ) -
got XY(horizpos—10,vertpos;;wrlt?iH¥13:7:4);

msg?’s +’ ,horizpos,vertpos); str(i-T:2,exponent);

Wy gsg(exponent,horizpos+1,vertpos-1); -
en -

else
begin )
otoXY(horizpos-10,vertpos);write(B[i]:7:4); . R

end;
end;writeln;writeln;writeln;
reduceorder;=size-1;
root_finder(reduceorder,H,realpart,
imaginar¥part,one
writeln('The roots otf the Heq

ze

]
o
o}
(oo
Hy—
[N
-
=N
-
[ |
[N

.
’

s) are :'); f“
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FILE: POLE.PAS Program Listing Page 5

writei REAL PART’); Y
! wrlte ng’ IMAGINARY PART ' ): \
) : for i:= to reduceorder .

write

writs ?alpart[i] : 7 4E wrlt?(’ +j ")

1mag1narypart
ey,keyold,not_erased); clrscr;

n2] <> 0.0 then goto 200; X
goto 9@

vy sER
£
30 SNOND 3
HHY Qe Q004 N
I-"d’
ooQ3SHZ0
=0 =NHZ0
) |
-dbno'—pox s", -
C

S e

(o
wer~O Il == b~

£HANS =38R0
chckoe Il se il Sne

.
Keilow) toXY% “

e feedb coef i ts [ k] are : *); ]
for i:=1 to size 3

write(’' ?); wrlte(HH[l] T7:4); -
end;writeln; wrltilK . 'y

write e gain
in?g & ) wrlteln,

write aini
geyre%d(key ,keyold,not_erased);
, epea
} ox printer;textcol r(yellow);gotoxy(58,15);
b write 0 .RES" 3:
. gotoxy 2
oto

nooe O g

" A m .-

)wrlte(

’ )
r (ch='p’) or (ch='F’) or (ch='f"’)
or (ch='f') then

textcolor(red);

....... ')

le.res’);
glacemenf output )
o file on the current drive)

o~
n o‘M -
D

-3

Yy Y Yy ' ‘i

U
e

~ e (D'T Ziee

3

- ARB~d
S Rl i [« N [
\/\}sfb‘i'

’

c
t
G. e ")
g )

l—]

placement result to the printer)
Rewrite(

End:
Wr1£e1n§11

&S O IR

Writeln(1li
Writeln(li
writeln(1li

Be§

POL%IPLAEEMENT RESULT ');

i

t

t) Writeln ;

%5 The Plant matrix A is : ’);
to
1

P
Vil il

size do N
to size do N
JATALL,3]:11); N

i

t Writeln(list) N
he’ Input matrix B is :');
i

to ni do

gi’ B[i Jl:11);
st? Writeln(list),
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FILE: POLE.PAS Program Listing Page 6
Writelnglist 'The Output Matrix C is :’);
writeln llst§,

:t= 1 to no do
be§
z j:=1 to size do
e
6 ite(lis C[1 jl:11);
end;writeln
end;Writeln(L st? Writeln(list),
write 1 st, 'Denominator of Y(s)/U%s% )
write list,’ Descending powers o ')
writeln list);
for i:=nn downto 1 do
begin
write(list,? ’,DEN[1]°7:4%
end;writeln iist);writelnglis
writeln(list, 'The Roles of the’'¥(s)/U(s) are:’);
write(list,’ REAL PART’%;
writeln(list,’ IMAGINARY PART ');
or i:=1 to size do
begin
- write(list,’ ’ )
. write llst,realpart1[i] T7:4);
: write 1;?’% imagin f4]:7:4)
. writeln S aginar H
_j end;write n%li t? %riteXp?lis£§;
y write(list, 'Numerator of Y(s)/U(s) -');
E: writein%list " Descending powérs of S:t);
N writeln listé;
T bor11:= m+1 ownto 1 do
' egin
: drheetlisn o LOSRTTIN,
- end;writeln S wr is
R wri%eln?list,’The zeros of the Y(s)/U(s) are:’);
- write(list,’ REAL PART'® );
¥
N writelnglist,’ IMAGINARY PART ');
- for 1:=1 to msize do
-~ begin
P write(list,’ ')
- write list,realroot[i] 7:4
write(list,’
o writeln(list,i aginar ot 11 :7:4);
. end;writeln(list ? wrlte ist)
b- write(1list, ' 'Desired clos loop Characteristic
YA polynomial ’);
o writelnilist ' - Descending powers of S :');
writeln list)
or ‘$it 'size+! downto 1 do {
begin
write(lis £ z
- end:writeln 1ist) wr teln(l st);
- write(list,’The roots of de§ired closed~-loop
" characteristic
- writeln(list,’ polynomial are: ’&'
write(list,’ EAL PART’);
writeln(list,"’ IMAGINARY PART '); 1
~ or 1:=1 to size do
A begin
. write(list,’ ')
. write(list,real part[i] T:4);
~ write(list,’ % 1
~ writeln l%st aglnarY ?ar £$] 1 7:4);
" end;writeln(1li T writelfi(lis
. 124
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FILE: POLE.PAS Program Listing Page 7
] Write(list, 'Numerator of the Heq(s) is -');
, writeln(list,’ Descending powers of S :');
: writeln(list);
’ for i:= size downto 1 do
begin
' write(list,’ 'LH 11: :4);
} end;wri eln?list),wri eln(list);
writeln list,'The roots of the ﬁeg&s% re :');
’ write(lilst,’ REAL RT');
| writeln(list,’ IMAGINARY PART '):
| for 1:=1 to reduceorder do
l begin
write(list,’ ' );
; write(list,realpart(i]:7:4);
. write(list,’ + P H
writeln(list,i aginar{p rt(11:7:4);
) end'wri?e n list?;write n 1ist%-
writeln(Iist, Thé’ feedback coefficients [ k ]
are : ')
wri%eln(list); for i:=1 to size do
egin
write(list,’ ) ;write(list,HH[1]:7:4);
end;writeIn(list);writeln(1list ;
writeil st, 'The gain K is : ')
writeln(list,gain1:7: z°
writeln(list)iwriteln(iist);
Close(list)

- ws

End;
Until Ch in [’Q’,’q’ ]

Assign(SvsFile, ’svs.COM’
re—exeggte SVS

%éin program)
EEgecute(évsFile
nd.

LA A an o O
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FILE: TYPEDEF.SYS Program Listing Page 1
I ZE B EREREE R EEEEEEERERE RS R R R RR R R RN FE R R R R R R R RS REEES
» TURBO GRAPHIX version 1.00A »
* Type defin %on module *
* Cogfriﬁh %C 1985 b *
* AN Inter iona *
(B EREREERERERERERRERNERNER RN IEREN WYX **il*&*ll*li!*lil)

—
e,

MaxBlocks
StringSiz
HeaderSiz
RamScreen

cwe

lean=true
Str 1ngSlzeG1b]—’4x6 fon’;

:So‘n i ee Qo il
mo_;m e

(g O 1)

MaxProcsGlb-27;
MaxErrsGlb=7;
Extension:String(4]="'.svs’;

type wrkstrings= strinﬁ[StringSizeGlb];
WorldTypé=recor
31,y1 yX2,y2:real;

en
WindowType= record
31 »y X2, XZ integer;
ea er:wrkstring;
drawn top boolean;
size:integer;

worldss= array ? MaxWorldsGlbl f WorldType;
windows=array MaxWwin owsG 3 of w1ndowT¥pe;
PlotArrays= array 1..M of real;
character=array [1..3 te°
CharArray=array 32.° 26 character;
PieType=record

area:real;

text: wrksiring.

nd;

PieArray:array [1. iesG}b] of PieType,
Back roundArray array

Line leArr Y-arraY [

rray of real;

q

} of boglean.

Ary2s- rray [(1..10 1@ of 1nteger'
Ary3s=Array ..10] of real;
Str2=String H
Str4=String(4];
StrS:String :
Str20=String 0];
Str25=string|25];
Str40=String[40];
Str80=Stringl(80];
Str255=Stringl255];

var X1W1ldGlb X2W1dGlb,Y1W1dG1b,Y2WldGlb
AxG1b Agélb BxGlb, ByGlb:real;
X1RefGlb, X2RefGlb,¥Y1RefGlb, Y2RefGlb:integer;
LinestﬁleGlb,MaxWorldGIb,MaxWindowGlb
wWindowNdxGlb:integer;
X1Glb X2Glb,Y1Glb,Y2¢1b:inte er;
XTextGlb,YTéxtGlb VSteEGlbzlnteger,
PieGlb,DirectMode§lb, ClippingGl
AxisGlb,HatchGlb:boolean
Messageélb,BrkGlb,Headerdlb TopGlb,
GrafModeGlb:boolean;
CntGlb,ColorGlb:byte;
rrCodeGlb:byte;

.............

. -,.,\.w. w*\x_,\\\.x\\}\l\\.* ._\-\\\\. \'_\J,\ AN O
e N ey .- .\ _\.\‘.-. AWl A S e T _h_x._&_....m




W ATl

«n

B ElLLL

""-‘n’!’l

FILE: TYPEDEF.SYS Program Listing Page 2
LineStyleArrayGlh:LineStyleArray; .
ErrorProc:array [Q..MaxProcsGl ? of “WrkString;
ErrorCode:ar a% @..MaxErrsGlb] of “WrkString;
PcGlb:str1ngf4 13
AspectGlb:real;

GrafBase:integer;
world:worlds;
windowl :windows;
CharSet:CharArray;
D:Ar§2s:
A1A,B,C:Aryis;
Len,Space,Drive:Str2;
Size,ni,no,Block1,Ke%.Keyold:Integer;
Not_erased,Finished,Exit,Inserton,F1,F10:Boolean;
Ch:Char;
TemPlate, Answer,Previous_Answer :Str80;
SvsFile:File;
P,Filvar:Array([(1..35] of str4@; {(menu prompts)
worldndxglb :integer;
escape,rétriev,luén : boolean;
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FILE: BODEPLOQT.INC Program Listing Page 1

rocedure Bodeplot;
abel 1; (label decleration for goto statement)

var

Code,I,Count,NumberDecades,StartDecade,

EndDecade :_ intezer;

wWf,Wo,Wi,Deltaw,Gain : Real;
PlotArray1,PlotArrax2,MagPhaseArray,

Frqurrag : PlotArray;

ZMagn,ZPhase, PMagn, PPhase, Phase : real;
TempX, TempY : real;
temp ¢ char;
OpenLoop : boolean;
j,jj,kkl,m,1l,cnpoles,sizezeros,one : integer;
encoeff ,numcoeff,cdencoeff : aryé;

realpartpole.imaggart ole,realpartzero
%g%gpartzero,crea partpole,cimagpartpole: ?rySS;
: aryls;

O TR O X W FFE S ST AR s

function L?g(x:real):real;
computes the base-10 logarithm of X)

Be%in
f X=0 th?n ?og-=@ else
Eng?g := Ln(X)/Ln{10);

function Expon(%,X:real):real'
computes Y raised to X power)

Begin
xpon := exp( X * (1n(Y)));
end;
beéin
1rScr; boxuser; one:=1;
Characteristic équation({A1A,size,Dencoeff);

£°P11:=1 to siZe ‘do
egin
%SI[i,size]:=B[i,1];
end;
for jj:=2 to size do
be§in

or i:= to size do

ezin { $9+1
t=size-jj+1;
kk1:=3+15%
PS1[i,3j]:=Dencoeff[kk1] * B[i,1];
gor.1:= to size do
egin
§s1[1,31:=p31[1.31 +A1A[1,1] * PSI[1,kk1];
end;
end;
end;
for i:=1 to size do
beﬁin {
umcoeff({1]:=0.0; o
for j:=1 to size do )
beﬁin ’
dumcoeff[i]::Numcoeff[i] + PSI[j,1] * c[1,3];
end; ,
end; {
for 1:=1 to size do ‘
begin -
m:=size+1-1i; {
éf numcoeff[m] <> 0.2 then goto 1; 3
end; .
1:sizezeros:=m-1; o
Clrscr;TextColor(lightblue); N
writeln(' *** Bode Plotting Parameters *#*#*’); K
TextColor(yellow);
by
128 ¢
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FILE: BODEPLOT.INC Program Listing Page 2
b
Y writeln(’=====================================’); ~

Msg(’ Open (0) or Closed (C) Loop Plot?’,5,5); ;
repeat

%n put( A, 2, trge ,F1,F10); .
! sets flag 0 enioop

1 temp := CcOpPy answer 1,1

)

if not(temp in [’0’ ’C’ﬁ) then beep
oop option for pl ot
until temp 1n [’O'

if (temp = then 6penLoop := true
else QOpenLoop := false;
Msg(’ What is the fﬁrst frequency to be
otted9’

Msg( ? ple: .é1§ 1, 100 etc ) ,10,8);

N, BIo507, tr?e,Ff
answer Wo,code is the first plotted freq)

selects th open%@)

Msg( Input number o decades do you want X
l tted°’ .
? .51, io ‘true, F1 1@), .
?answer NumberDécades, codé y

root finder(sizezeros Numcoegf ,realpartzero, ﬁ
magpartzero,one
root finder(size Dencoeff,r

ipartpole, !
; imagpartpole one? P P ’

1Y)
A )
ain:= Numcoeff[sizezeros+1]; N
or '—1 to sizezeros+1 do “
o~
&

3 ) be
y ﬁumcoeff[i]'— Numcoeff[i]/gain;

en
boxuser'

o dg ?DgnCoeff[i] 1= 0.0;
i umcoeff[i] * gain
e.+ 1 do
i = C
e
ul

20

DenCoeff[i] + Dencoeff[i];

]
if Size > Si ros_then CNPOLES:=Size
NPoles sh d always be
se CNPOLES =SizeZeros;
| (greater but to be safecompute new denominator roots)

root_finder(Cnpoles,CDenCoeff,CRealPartPole,
CImagPartPole one5

StartDecade := tr nc(Lo (WO

comp u znear scale to plot )
EndDecade := Star?Decade + NumberDecades,

log numbers. Also figure step)
. Wf := Wo *_Expo 2 % € P

§umberDe?ades)
aeltaw é= Expon

L4 l"ll"""“ﬁ‘."""."

PN,

Wf/Wo

: for Count := 1 to 81 do{do 81 iterations...arbitrary)
Begin

It
L]
N
<
L}
P

if OpenLoop thengcompute bode numbers if o?enloop)
begl and later 1if closed loop
egin
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FILE: BODEPLOT.INC Program Listing Page 3
ZMagn:=1.0; ZPhase:=0.0; PMagn:=1.0; PPhase:=0.0;

for i := 1 to SizeZeros do
compute magn and phase of zeros for freq step)

be%in
Magn:=ZMagn * Sqrt(Sqr(Real tZero[I])+
Sqr%Wi—I a PartZero?I ?S;
if RealPartZeroTi = 0.0 then

_ZPhase:=ZPhase+pi/2.0 else;

begin
ifzggalpargggro[i] > 0.0 t%en( :
ase:= ase - rctan((wi-
ptij?/?-reaipartzero[i]))

imagpartzero
else .
end'ZPhas?é;égg?%ge;o?gig??gggéipartzero[i]));
end; =
for i := 1 to Size do

comnpute magn and phase of poles for freq step)

begin
%Ma n:=PMa§n * Sqrt(Sq &? l1PartPole[I]) +
qr(wi-ImagPar Polef E?;
if RealPartPo e?I = 0.0 then
b 1PPhas := PPhase+pi/2.0 else
egin
%fpgﬁaépargggle[i] >1®;0 t%en (wi
ase:= ase - rctan((wi-
imagpartpole i])?(—reaipartpole[i]))

1ls
PPhase:=PPhase 4+ ar wi-
imagpartpole?i?g??££ea1partpole[i]));

end;
end;
PlotArra¥1 Count, 1 := Log(Wi);
(£ill plotting matrix with magnitude values)
PlotArrayi[Count,2] := 20*Loz(Gain*
(ZMagn/PMagn) );

PlgtArrayafCount.1]:sLog(WL) ({1}l phase matrix)

8
next stmt covers freq wrag-around)
i PlotArray2iCount,2j > % hen

PlotArray2[count,2]:=PlotArray2[count,2]-360;

Wi := Wi * Deltaw; {increment freq step)}
end
else

{perform same steps as above if closed loop requested)

be%in
fMagn:=1.?;ZPhase::@.@;PMagn:=1.Q;PPhase::G.@;

or i := to SizeZeros do
oG ihan: =ZMagn * Sqrt(Sar(RealPartZerol[I])+
agn:=ZMagn r r(Re ero
€ Sqr%Wi—I g Par%Zero?Iﬁ%S;
if EealPartZeroTI? = 0.0 then

Phase:=ZPhase+pi/2:® else
begin
if Realpartzero[i] > 0.0 then
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FILE: BODEPLOT.INC Program Listing Page 4 :
ZPhase:=ZPhas + rctan ”ud
1 1magpartzero? il)/(-rea partzero[l])) ‘
else .
ZPhase:=ZPhase + ar ((wi-
4 imagpartzero?'ig?? ~-realpartzero(i])); o
end;
end; N,
gor 1 := 1 to CNpoles do o
| e% «
Magn: n * Sqrt(Sqr(CReal tPole[I])+ )
| a8 %%m Cipa arthole?Iﬁ?S (1] e
if CReal artPoleT .@ then
r begigPhase:=PPhase+pi/2 else 5
| if crealpartgole[i] > 0 @ then ;‘
PPhase: =PPhase ? rctan&(w - -
' lse cimagpartpole 1])/ -crealpartpole[i])) -
> e N
! PPhase:=PPhase +a f E (wi- "
cimagpartpolef %7 -crealpartpole[i])); i
. end; N
| end; s;
pS:
PlotA ra¥1[Count 1] := Log(Wi); )
{fill plott matrix with ma ude values) A
PlotArray1[Count,2] 20* ? Z * N
n PMa
PlotArray2[Count,1]:=Log(W % %% ase matrlx) 3
E PlotArray2[Count,2] := (180/pi)* (ZPhase—PPhase); ~
: ) {next stmt covers freq wrap-around} f:
, if Plo tArray2FCount 2? > @ then "
. PlotArray2[count,2]:=PlotArray2[count,2]-360; 5
Wi := Wi * DeltaW; @
end' g
: PloiBode(StartDecade EndDecade, NumberDegades, ﬁ
' EArray1 PlotArrayQ OpenlLoop):; =3
P end; (bodeplot -
2
%
‘ -
\ -
: -
v i:
'
u -3
3
.'I_\,
'
P
X
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FILE: PLOTBODE.INC Program Listing Page 1

procedure PlotBode(StartDecade,EndDecade,
NumberDecades:Integer;
PlotArray1éPlotArsay2:PlotArray;

OpenLoop: Boolean

COﬁSt A 1 12 f

nArray: arra .. o)

ag yChaI‘Z (’M’,JA',’G’,’N’ ’I’,’T’,’U’,’D’.

’E’ ’ ’ ’d’,’B’);
PhasArray: array(j,.12] of
char = :P:,,H:,;A;,:S; ‘B, *,'d’,’e’,

FreqArray: stringf1§] =’ 'FREQUENEY (rad/sec)’;
var i,j,n tinteger;

ch :char;

x1,x2 tinteger;

Delta treal;

MagLabel t stringi3];

PhsLabel : stringléd];

DeclLabel : stringl3];

Titlel,

Title2 : string[80];

DumpGraph ¢ Boolean;

w : real;

gquit : Boolean;

list : text;

function Log(X:real):real;

Be§in
f X=0 then ?og'=0 else
E gog t= Ln?X) Ln(10);
nda;

function Exp?n(Y,X:real):real:
Bexl computes Y raised to X power)
egin

xpon := exp( X * (1ln(Y)));
end;

Procedure PrintGraphData;
{prints numbers to a file or printer)

Begin
eaveGraphic;Clrscr;
repeat
Textcol r(white%' ﬁotox¥£2®,10%'
writel? 1" %% DPROGRAM OUTPUT OPTIONS *#» 1);
gotox 2,13);
writeln ’EP> Printer output ')
Textcolor(yellow); &0 oxy(22‘14);
writeln(’ Check Your Printer! 'Y
Textcol r(white?' ﬁotoxy 20,15);
writel? 1¢F> List to File name ')
gotox 0,16);
write ! on the current drive ')
gotoxy ,17);
writeln('’<Q> Quit ’&'
gotoxy(42,15);textcolor(yellow);write( ' "BODE.RES"");
otoxy(28,17);
%ead Kbd,ch;;
If (ch = 3 or (ch = '"f') or (ch = 'P') or .
b ch = 'p’) then ‘
egin
%f (ch = '"F’) or (ch = 'f’) then %
begl{blox 24,15);textcolor(red) -
o ;tex H -
%ritengRiNT%NG ..... ') -
132 3
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FILE: PLOTBODE.INC Program Listing Page 2
assign(list,'Bode.RES’);
rewrite(list);
end
else
begi% 24,13 );text 1l ( d);
otox: stextcolor(red):
Frite gPRtNT%NG ........... ")
assign(list,’LST:’);
rewrlte%lisﬁ);
end;
Titlel:=(" w (rad) Gain (db)
Phase (degS’ ;
Title2:=('—=———————— e e ')
writeln(list, BODE PLOT RESULT ' );
writeln(list);:write (list),
writeln(list, titled
writeln(list,Title?2
writeln(list); write in(list)
for i:= 1 to’ 81 do
begin
w := expon(10.0, PlotArra%1£1 ,11)
writeln?llst ’;
PlotArrayl 1,2 ,
PlotArray2[i, -7 3)
%f %= 47 then
egin
%riteil st,cgr(12));
writeln(list);
writeln 1lst,Title1;;
writeln(list,Title2);
writeln(list); writeln(iist);
end;
end;
end;
until ch in [’Q’,’q’];
nterGraphic;
when finished erinting, 20 back to graphics mode
ana display graph
swaps?reen°
close list);
end;
Begin .
initgraphic; 6set—up windows for display)
DefineWindow(1,0,0 XMaxGlb,YMaxGlb&'
DefineWindow(2.,5,15, XMaxG1b-5, Y¥Max ib—153;
DefineWindow(3,5,15,XmaxGlb-5,YMaxGlb-15);
DefineWorl1d(1,0,0,100,100);
DefineWorld(2,StartDecade, b0 EndDecade,—éwg;
DefineWorld(?3 StartDecade,@,EndDecade, 360 )
SelectWorld ?
SelectWindow %
SetBackgrou
SelectWorld %
SelectWindow );
DrawBorder;
SetLineStyle(1);
For I:=1 %o 0 {(draw horizontal graph lines)
DrawLine(StartDecade,~6 + 20" )
EndDecade,-60+ *I)
For J:=0 t NumberDecades—1 _
?draw vertical logarithmlc graph lines)
Begin
1373
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FILE: PLOTBODE.INC
For I:= 1 to 1
%elta--s art

Drawline(Del
end;

nd;
SelectWindow(1%
For I:=

.........

Program Listing Page 3

@ do

Decade
ta,-60, De

do

g gg%;;+ J)s;

{y-axis titles)

6*1, Ma%nArray[IE%])

D+6*

hasArray

scale label

end;
DrawText6250 ,195,1, Frqurrayz ; {x-axis titI?)
F to do s

Be
§tr(60 20%1:3
DrawText 12 13
Str(9 I:4,P
DrawText(600,1

Ma Labe
+

2
hsLa el}
34+28% ]

ﬁagLabel),
PhsLabel);

nd;
For I:= @ to_NumberDecades do
label the logarithmic scale)

rra
Ke magnifud

Be
étr(Trun §St rtDecade)+
DrawText% 6+?57® div Nu
186, 1,DecLabel
DrawText(30+(57m div Nu
180,1,°107 )
end;
SetlineStyle Qg;
SelectWindow 2); SelectWo
DrawPolygon( o%
SelectWorld( pto
SelectWindow 2;
SetLineStyle(3);
DrawPolygon? l?fArra 2,1,
lot the ph
copyscreen; s

repeat until keypressed;

quit := false;

I:3, DecLabe%);
berDecades *

mberDecades) LN

rld(2)1 2);

8 ? 1,0);
ase
ave screen to memory)

repeat call for graph options menu}

if OpenLoop t
?aph Mgnu

else

en
'Open Loo

p Bode Plot’,DumpGraph,quit)

Graph Menu(’Closed Loo ode’ ,DumpGraph,quit);

If DumpGraph t
until quit;

LeaveGraphic;
end;

?en Print

Grgp Data:

dump numbers if desired)

{leave graphics mode)

1
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FILE: BOX.INC Program Listing Page
{* This program draw line for menu box. *)
procedure box:
gar i 'integer,
e
ﬁighv deo; Text olor(yellowz gotoxy(1 2{’
write chr<2 8) draw up eft corner;
for i := 7 do {draw upper orlzontal line
beg
write chr(1
end; wrgte ch ??%i)
§otoxy(1 5);: write chr(192)) :
or i:= 2
write(c r?
write chr 2
or 1:= 3 to
begin

1

gotoxy (1, i)°write(chr(179)); {draw vertical lines)

ﬁotoxy(79 ,i);write(chr(179));
otoxy(1

or i := 1 o 78 do
write ch 196));
writeln ! ;
TextCol hite);gotoXY(20, 22);
writel four selectiodn
ﬁotoxy? @, 22? owvideo; make input promt )
na;
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FILE: OPTIMAL.INC Program Listing

Procedure Fi_and_gamma(var T:real;

- var fitaryils;
var gamma:aryls );
label 1;

var
A2,A3,A4,A5 raryls;
i,J,k tinteger;
test_value,step ireal;

begin
est_value:=1.0e-08;
stepT=1.0; .
for i:=1 to size do

be§1n .
bor J:=1 to size do
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*

* A3[1,3];

Aff%?j?°+ A1Ali,k] * A3(k,3];

S (test_value * abs (FI[i,3]))

{calculate GAMMA matrix

:=8AﬁﬁA[i,j] + AS[i,k] * B[k,3i];

1

3
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FILE: CONTROL.INC Program Listing Page 1
Procedure Matrix_reduction(Var dumy square:Aryl;
Vvar n,m,rank: Integer),
Label 142;Label 145;Label 235;Label 170:Label 180;
Label 162; Label 198;Label 20 é ;Label 224 sLabel 226;
Label 228;Label 234;
VAR
reduction matrlx : Aryl;
ch Nmin, i ii,kj s K }1 ,start,
1 imin, 11 1 Integer
compare value temp value, sum : Real;
Be§
or 1 := to n do
For & to m do o
uction _matrix(i,j] := dumy_squareli,j]:
compare value := 1.00E-8;
Jjc =17
Nmin := n - 1;
If nmin = @ then goto 235;
For 1 = 1 to nmin do
Be§ 3
t= jjc to m do
Beg
.=j;
For k t= 1 to n do
Beﬁin
% t=k;
I abs( reduction _matrix([k,j]) >=compare_value
then GoTo 142;—
End;
End;
GoTo 235, ,
142:If kJj = i then GoTo 145;
For j1 := 3 to m do
Be%in
emp value := uction_matrix[i,31];
reduction matrix i,j1]:=reduction " matrix[kj,j1];
reduction _matrix[kJ, j1] t=temp_value;
145 temp_value := reduction_matrix[i,jj];

For jk := jj to o}
reduction matrlx i, jk] := reduction matrix[i,jk]
/temp_valUe;

If 1 ¢<>1 _then GoTo 180;
start :=2;
162:for 1 := start to n do
Be%in
emp_value := reduction matrix %,jj];
If "3bs( reduction matrix[1,jj <= compare_value
then GoTo 17@,
For 11 :=jj to m
reduction matrix?l 1l]:=reduction matrix[1,11]-
~temp_value reduction matrlel i173
170:End;
GoTo 200;

For 1i :=1 “to imin do

Begin
%emp va%u := reduction matrix(1i,3j]l;
If reduction_matrix{1li,j] % {=compare_value
then GoTo 198;
137

..................................

.

-
-
»
-
K)
0

ALY




P ALF

FILE: CONTROL.INC Program Listing Page 2

For 11i := jj to_M do
reduction ma rix[ll,lli
reduction_matrix([1i,111

Sons Wdes

A,

} reductlon matrlei 11i]
temp_ values

Ly

éQ% :%gg; start := 1 + 1;
olo H
., 200:1f jg = m then goto 235;
\ Jjc 1= 3] +1;
N End;
~ %or_jk t= jJj to m do
egin
?emp value := reduction_matrix[n,jk];
jc T= jk;
I} absz reduction_matrix[n,jk]) <= compare_value
F th?n °§ﬁ %26
or ; 1=
reduction matrlx?n j1] :=reduction_matrix([n, j1l/
- temp_valu®;
GOTO 228;
26:End;

98%F5r if:= 1 to nmin do

e
%emp value := reduction m tr g i
If " 3bs reduction matrix ) <- compare_value
then GoTo 234;

For
&uction matrixflf j1] :=reduction matrix[lf j1]
-temp value
reductidn matrix[n jjcl;

234 :End;
235:Rank :=0;
For i := 1 to n do
Beéln
um := 0.0;
For j :=1 to m do
Be%in
f abs(reductlon matrifg ]) (= compare value
then redu matrix 2.
dumy square ? = reducﬁlon matr x[i il;
B gum T= sum abs (reduction_matrix[i, ils
n
B éf sum >= compare_value then rank := rank +1;
n
End;
Procedure matrix_multiplication(VAR matrix matrix1
atrixé

VAR L,M,N °In¥eger
var mult matrixi,result_matrix,mult_matrix2 : Aryls;

yj.1 : Integer;
Be§ j:=1 to m do
begé?ii :=1 to 1 do
%ult _matrix1[i,j] := matrix[i,3];
Fog k:=1

to ? )
mult_matrixZ j, k] := matrixi1[j,k];
For i :=1 to 1 do
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FILE:

CONTROL. INC

Be§ :=1 to n do

Begin
result matrix[l
For k:=
result matrlx
multTmatrix

End;

End'

i°= 1 to 1 do

Be§ d
%r1x2[1 3?

End,

.....

Program Listing

jl := 0.0;

= result matri
ﬁtij&] * mult_matrix2[k

result_matrix[i,j];

139

Page 3

BRiiid ¢

l'n i R "Q‘s"‘

PR

t

L W TN
. .r.n'tr_l’

AT ]

-------------




b A" A SaS 005 et fia® Rat Bt Rt uSiafode® SV et Rt St ol Bab it Bt RS Bav iU it ot Dot b ¥ et Bet 900 000 St i fa® et bt b o R Ret eV iU Ret Bob LV BT Syt RN AT RS RN LA e

AL S L R

IR

.

s

2 i.':'.'f_'.'_-'

SOCRERNS: Tk

LS

RIPI

FILE: INVERSE.INC

var
var
var
var
var

label 5;label 6;label 12:;label 16
var

B2 taryls;
compjtemporary value °rea1'

integer°

for i:=1 to order do
be§
J:=1 to order do

n
VY4
to order do

1bd4711;

1 to order do

=0.0;

(abs (B2[k,1i]) -abs(comp
=B2[k,1i];

o NiHH-

—

e Ld<t oo
[ LY o B |}
IIH‘
UH-

o'Ho
1Yo}
Bor 23 nw:»on

UWHHHHWSO OROR S AXPRIAO
o ee O wor—b v iy

H
3
»

N'IIB [l 1]
. HM-‘-U
SN N e
Nl
~50+
Lo I
.—‘-p,\-.
ALID
"3

o0 ’-”’-b’-b.—hoo e
QI ~

ni}.—.
m:=1 to order do

orary va ue’- B2 i,m
Tp ? y_¥3 2 { 1

n
i

L‘S

,m
, M .-tem orarx va ue;
rary value:s= I i,m];
i,m|T= AIN

n,mj:= temporary value;
a

y.value:=X[i];
nj;

::3@;?” ;.

o order

o Il = Yo W 2 P dve]orl3))  Rel

XRe N ol I e BN -

1] ml—l+><
O3

O’ Hyct =2t
QOON—TO3
—l"!

to order do

o'+
[0YeRe!
Ho R S QPR IE .-

i 2 4387 fen agte
3%% alue:lh3 ? 135

value: Jril;
to order do

O Or—Hhrhe  we NHEF T p—t-COve HHOD NND H  ~~~T—~ ;!:‘U

140

V[i AIN temporary value;
i,m] -B [1i g[} temporar? vaIKE
1

Program Listing Page 1

X:aryé4;
singular integer);

slabel 20;1label 51:

)) <= 0.0 then goto 5;
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FILE: INVERSE.INC Program Listing Page 2 :
beﬁin .
INV(]j,n]:= ﬁ%ngj'n - temporary_value * .
1,n];
ngj,n]:=B2[j,n¥ - temporary_value * B2[i,n];
end;
16:end;
end;
oto 20;
1:singular:=1;
20:end;

el
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i FILE: LUENBERG.INC Program Listing Page 1
E Procedure linear_equation(var AA:ary2;

, var nw,m:integer;

0o var BB X:arys3;

N var K:integer:

i var U ary2§-

" label 1:label 2;label 3;label label 5;label_ 71;

- 1abel 8i;Tabe1-i28;7aba1 855aneild ;label 10;label 130;
F label 7;

o Var

) is,it,kk,n,k1,1ii,mm,1i,jJ °1nteger'

i al tary2

L id 'ary3

oy bl,cl,ic,w treal;

:: Begin (llnear equation)

Uy n:=nw;

. mm: =m+1;

gorii:=i to n do
e
%1?1 mm] := BB[i];

ol 1i=y] te Bl 4,

LA o

A1l
; gy,
4 if n—m? >= @ then goto 1;
p %t:= n+1;
= t=m;
Y for i:= 1t to m do
‘2 Be%in
" or t=1_to mm do
._ A1l 193] e = ’
N End;
g 1:foE ﬁ:=1 to m do
" ID[1i]:= 1i;
b
F 2:dk: =kt ;
P s:=k;
- it:=k;
v B1:=abs(A1[k,k%);
N for i:=k to n do
Beﬁin Jiek t q
or = o m (@]
s Begi
g ?f? ibS(A1[i »31)-B1) <= @ then goto 3:
, Set=
; it :=
- B1:=zab s(A1 i, -
. 5 B3 [1,3]);
nd.
%f?i§-k)k<; @ then goto 4
or .= (o]
Begin
%1-= A151s,31
A1g&t§?:g it Tlx,31;
En .! - »
g:if %Eﬁﬁ) <=0 then goto 5;
C‘= .
ID[k t=1D[1t];
%D ii] :?i%; d
or ¢ = on (o]
Begin
51 .=A151,itl'
A1[i,1t] = "Af[1,k];
142
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FILE: LUENBERG.INC Program Listing Page 2
A1[i,k] :=c1;
End;
5:1f A1[k,k] <> @ then goto 71;
kk:=k:
k:=k-1;
for i:=kk to m do
At1li,J = =-1.0;
%oto 6;
1:1f (k-n) >0 then goto 120;
if (k-n) < @ then gofo 81;
A1£n,mm t=A1 n,mmﬁ At[(n,n];
go o T;
B1:{or Ji:=kk to mm do
e§ ?
1lk,3] := A1[k,: / Ai{k,k];
gorii%= kk to[n gg L
egin
WisA1(1,k] * A1[k,3];
A1[%,1 t=A1[1i,7] =w;
if (abs(A1[1i,i)) - 2.0001*abs(w)) >= @
A1 ghﬁﬁ £ O@
8:Eng;
End;
if k—mg >? then goto 120;
if (k-m) = @ then goto 6;
k:=kk;
%oto 5.
:for 1:=kk to n do
if AT{i,mm] <> @ then goto 120;
T:k1:=k-1;
for is:=1 to k1 do
Begin
i:=k-1is
ii:=1"+1;
for it:=1i to k do
Beﬁin
or j:=kk to do
A1(1i,] :=A?Ti,j] ~A1[1,1t] *A1[it,3];
End;
End;
for i:=1 to m do
Be%in
or j:=1 to m do
Begin
i ID[iq—i) <2 O then goto 10;
X{i) :=AT[3,mm];
i k-m) ="0 thén goto 10;
for is:=kk_to m
U[i,is-k] := A1?j.is];
10:End;
End;
kK:=m-k;
&oto 150.
120:Writeln;
Writeln('’'There are no eguations’);Delay(zawm);
130:End; linear equation
1473
D A N S 0 LA R R R N S A A R R A N AN AT I A A R T N R ¥ A AT
‘Ahhh&u‘ﬂﬂhﬂd&A b b T VATV " x - A » A

R ATRAN AN,

...Al. W T T .

........
------------------

Ky
......

25

. ..‘. CUCOLY 2

(Y

AL r&f'.f‘.f O

s

XA D RN

P
5y G

;.

I Ja T ]

Ay %y

kS

A R



ks

FILE: LUENBERG.INC

Program Listing

Procedure Polynomial_ of roots(var n:integ er

{This program calculates t?e coefficients of a
polynomial from its roots
label 1;label label 111;label 222;label 2;
label 5;label 2i ;label 50;
var

ick,nn,mp,1i,1ii,1l,m,mm,mmp tinteger;

sumrea prrea11 sumimag prreal,primag .real,

J rary6;
Begin

nn;:;=nt1

"\."\.""'...'\'- ...... ol \
; ".’JL_A.L)-_LLA-LLA‘ m"{

EHN%N&HM
Fyse oo Or—we

)

(o)
oogts e
®

En
sumreal
sumimag
for i:=1 to m do

umim

e Cyet— Ul

w00 i)

DO 3
ORI 3T AGHER B

var rr,ri: 3S°
var cf:ar 4

:
N
o
)
'_J
([}
STS)
SIS)

o

SHOPDS e S SBHeeee 2 ()

—_—
eve

-e

B&

N ~Hy—0

g1]+1
>@ then goto _50;
= @ then goto 5;

do

oo | H
o
o]

mU

oo pbe
"+
=

d’S-—-‘ll

B @S esr—tarhee | | ~—800

T —Ap) —J

RO N
Qe » — f—’c
SS E

[

eall;

-
~
®
)

(o]
~
1]
REaH— = -t-'
we F§

ne—g

i]+
0
m do
r
P
P

e —=iPpe

oo =01

rreal*RRE

1)

e ie]
b
Bo
pp

rreal*RI

i
i
sumreal+prre
sumimag+prim

oRoke)

SPER s e
11
&5

“ ..

Begin

End,

c=m-1+1;
if Jtl}-n+m-1g
if (J[1]-n+m-1

mp :=n-m+1;

mmp : =mp

aAfaal

mod 2;

mmp <> @ then goto 111

pPli= Tmreal ;goto 222
[mp]:=-sumreal;

is an error in polynomial
lation from roots procedure’);

a
23
n o 3;
o o

’
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FILE: PLOTNYQS.INC Program Listing Page 1

gPlot Nyquist is a routine to draw the Nyquist plo
rom the data generated in the Nyquist procedure.

Procedure Plot_Nyquist(StartDecade, EndDecade,
NumberDecades: Integer;
FreqArray, PlotArrayi,
Plotarraxé,
MagPhaseArray:PlotArray;
BigPic,OpenLoop:BooleanS;

n,code : integer;
,Xmax : real;
: String 3%'
: String[80];
quit : Boolean;
: Real;
X,GraphWidthY: Real;
Yexponent : intege
YexpLabel : string %
: a

Bpe v BH

Oo'HQOM M-
SE3I =

o+
ﬁQBQﬂﬁHNQﬂ

P ot S

OO C B
o o}
>
> %o

EQ=XOQE DR
0 QXX R ><E ot -3
«+0'YT0'C B'O O3 o

1
text; ’

function Expon(%,X:real):real;
computes Y raised to X power)}
Beﬁi

xgon := exp( X * (1n(Y)));

Procedure PrintGraphData;
{dump data used to make graph to printer)

Begin
eave%raphic;Clrscr;
repea
Tgxtcol r{(white): otox 820 10):
writel g’ $%%C PROGRAM GUTPUT OPTIANS »*+ DY
%otoxy? o 13{°wr%te1n(’<P> Printer output ’);
extcolor(yellow); gotoxy(20,14);
writeln?’ Check Your Printer! ')
Textcolor(white); otoxy(20,15);
wr%tel? é<$g)Lis£ to File name ')
otox ’ H
%rite ! on the current drive ')
gotox ? 0,17);
write é‘?% Quit BF
otox :
%extcgior(¥e§iow):write(’"NYQUIST.RES"’);
got8x§b§8,hz H
rea ,ch):
If (ch = ‘; or (ch = '"f') or (ch = 'P') or
b ch = ’'p’ then
egin
%f ch = "F’) or (ch = 'f') then
egin
gotox (24.15):textcolor(red);
write? PRINTING. .. ")
assign(%ist "Nyquist.RES’);
rewrite(list);
end
st
egin
otoxvy(24,13);:textcoler(red);
%rite?gPRINTfNG ........... ')
assign(list,’LST:’);
rewr%te%lisf); )
145
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FILE: PLOTNYQS.INC Program Listing Page 3
Valgfilvar 5],Y¥min, codeg
val(filvar[6],Ymax,code
end
else
begin
Xmax:= 100;
{set default values for "big picture" plot)}
Xmin:= -100;
Ymax:= 100;
Ymin:= -100;
end;
INITGRAPHIC;
nic?axes xmin,xmax,ymin,ymax, '’);
n.—
for 1'-
1f (ab YlotarraY [i 1) > Xmax) or
abs?p otarray > Ymax§ then n:= n+1;
if no> en n:= n-

use i extra point beyond graph border)

DrawPolygon(PlotArraytl ,n,-80,0,1,0);
"(draw’ graph on screen)

:=1 to 8@ do
bs(plotarr?ggg}ﬁ1gga;r§§?fi,85) > Ymax) then

n:= n+1l;

if nd<>1 then

Setlinest ? %

Dra wPolygon array2 n,-80,0,1,9);

Repeat until Keypressed;

(Put option menu on screen)
quit:= false;
repeat
if OpenLoop t en

Graph_Menu( ’'Open Loo Nyqu stPlot’,
1 DumpGraph, qui
else

Graph_Menu('Closed Loop N uist Plot’,
DumpGraph, qui
1ft?¥mpGraph then PrintGraphData,
un
LeaveGraphic,
end;
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FILE: GRAPMENU.INC Program Listing Page 1

)
LY

* {Graph Menu provides a window on screen and offers the
iy user options to make a title, print the graph, print
. the numbers from the graph, or quit and return to the
1 menu.
o Procedure Graph_Menu(TitleWindowName:STR25;
j - var DumpGraphData,quit : boolean);
hy var
3 Linetl, Line2, Line3 : stringl(40];
Procedure TitlePrompt;
be%in
o extCo%or(White);
v Center('*** Graph Title ***',1,2,80);
- P[1]:= ’'1010A04001-010100" ;
. Pl2]:= "1012A04002-012100" ;
N P(3]:= "1014A04003-010100"°
tex color(yellow?:
o msg(’'Line 1:',1,10);
~ msg('Line 2:’,1,12);
- msg( 'Line 3:’,1,14);
Y
. tex color(greenz'
N msg(’Type your itie for your graph.’',6,20);
) Input_handler(’NQ103’,escape);
Q Linel:= copy{(filvar{1],1,40);
. Line2:= copyéfilvar 2]1,1,40);
e Line3:= copy(filvarl[3],1,40);
\i
> end;
o} Procedure ShowTitle;
- ?makes title block and writes title to block)
. begin
. copyscreen;
“a SegfineStyie Q)
’ DefineWindow(3,11,20,40,60);
DefineWorld% 0,0,40,16);
SelectWorld ?%; SelectW1ndow(33;
= DefineHeader ,TitleWindowName); {(puts header on box)
o SetBackground(9);
“a SetHeadérOn;DrawBorde H
. DrawTextW(1,4,1,Linel);
! DrawTextW(1,8,1,Line2
DrawTextW 1,1é,f,Line ) s
, SetBreakOff; SetMessagedff;
- repeat
- read(kbd ch;;
n case ord(ch) of
3 ?allow user to move title box anywhere on screen)
- 72 : MoveVer(-4,true); {up arrow
. 75 : MoveHor(-1,true):; left arrow)
77 : MoveHor 1,frue?; right arrovw)
’ g@ : MoveVer(4,true); down arrow)
- end;
- until ordich)= 13; . .
7 freeze box and continue with <return> key)
- end;
- begin
e 148 )
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FILE: GRAPMENU.INC Program Listing Page 2

DumpGraphDat
selectscreen
copyscreen;

False;

0]
0]
t

1
5
9
w
o)

SetHeader

e
n ;DrawBorder
DrawTextW( 1
1
1
1
1

Print Graph to_ the printer');
menu options}

ake Title to the Graph )

Print Table of Numbers’ )'
used to Generate Graph

Continue to the Program’ ;

y
3
2
t
h
r
a

DrawTextW
DrawTextW
DrawTextW
DrawTextW
repeat
Option;
case ch of {interpret user input)
'P’: begin
swapscreen;
zredl plays sgree? without menu box)
har copy?false print to printer)}
cgpyscgggn,
C = ;

A~ 00 S NS
O ZVUOVELOeSH

in
c
D
g
1
>
>

end;
T begln

leave raphlc, leave graphics sgcreen)
Title romg prompt for tit ?
entergrap 1c* return to graphl s mode)
swapscreen; brln% back grap ?
ShowTitle;{(display title box on screen)
cgpyscr%en save graph with title box?

end;
"N’ begln
DumpGraphData := True;
sets boolean to cause numbers }
N ﬁo be printed
o] ' = :

in E pr, T ’N
'Q’ then Quit
else Quit
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{Begin processing Factored form Input-Internal routine}

val J int
i, : integer;
test : real;
begin

PL11] := Q905
P[12] t= 2505
PL13] t= 0907
P[14] 1= 12507
PL15] := 0909
PL16] t= 2509
PL17] t= 0911
PL18] 1= 2511
P[19] t= Q913
Pl(20] 1= 2513
P[21] t= 0915
P{22] := 2515
Pl 23] t= 0917
PL24] 1= 12517
PL25] t= 0919
Pl[26] t= 22519
PL27] t= Q921
P 28] := 12521
PL29] 1= 0923
PL30 ] t= 12523
ClrScr: Texgc
%otoXY(1 24
nvvid o(’Pre
Center('#*»* D
HighVideo

writeln; TextColor(green

POLE. INC
procedure input_Factored&Z

olor(White);

ss <ESC» to change an entiry
esired charactesistic Polynomial

Program Listing

NFactoFs:inte
imaginary_par

No1211~-0001031° ;
N21012-0Q00101° ;
N21013-000101° ;
NQ1014-000101";
N@19015-000101°’ ;
N01016-000101 ;
No1217-0001017 ;
No1218-000101° ;
NQ1219-2001Q21° ;
NR1220-000101’ ;
N21021-0001@1° ;
N01022-000101° ;
NR1023-000101° ;
NO1024-000101° ;
NO1025-000101° ;
N@1026-000101° ;
Ne1227-000101° ;
N@1028-200101 ;
N21029-200101° ;
N21230-0001017 ;

Input**#*’ 1

if Zeros or

P le
writ&€ln(’ NUMERATOR Transfer Func

else

&68’ then

%e

val v vom g - -
PR A ) il )

Page

eros_or poles: strS,

r; var real_part
ary3s)

{write screen titles)

ion
Input -- FACTORED Form’
writeln(’Characteristic equation
Input -- FACTORED Form’);

HighVideo;writeln;writeln;
for 1°=1

beg

to NFactors do
writeln(’

writeln;
2nd;

Y AL A PR e e
sLri\yNraclors¥* Z+19):c

specification

for j:=

begi
e

i

1

S =

en = )

,bblé};

to NFactors do
compute the zero values fro
input Eandler str?ng Filvar

il
de

var 2*1+9

then Real Partl]

{type prompt strings)

+31');

escape);
11 the input handler)

test,code

:= concat(’'N11’,strg);
Input handler(specif%catio

=test;

{(val conversion successful if code)
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FILE: POLE.INC Program Listing Page 2

val(filvar[2*j+10], tes? ,code);

s, €rro therw1se)
if code = 0 then Imaginary Partfj? =test

end;
end; {procedure Input_factored)

{Begin proc?ssing Coefficient form Input-Internal
procedure

Procedure Input_ Coeff(Zeros or Poles:Str5;
NCoeff: iﬁteger
var Coeff: aryi

var
i,3, {counters)
Nédeff old : integer; (holds old poly order if
- anging crder)

test: real; {holds "val" results until validated)
begin
P[21] = 'Q4Q6ND1021-000101° 3
e éInBut-Handler descr%ptors for coeff)
Pi22] := 18Q06N01022-000101° ; form input ?
PL23 ] t= '3206N01023-000101° ;
Pl 24 ] := 4606N01024-000101° ;
P{25]] t= 'Q4Q08N01025-000101°
PL26]] := '1808NQ1026-000101°;
P_.2'7_1 t= '3208NQ1027-000101° ;
P11 28] := 4608N01028-000101°
Pl 29] := 'Q0410NQ1029-000101°;
PL30] := '1810NQ1030-000101°;
NCoeff old:= NCoeff;
CirScr; TextColor(White); (print screen titles)
gotoxv(1 24);
invvid o(’gress <ESC> to change an entry’);
gotoxy(1,1); . ]
writeln( Po #x% D sired characteristic

lynomial input **#*°
TextColor(Green?
if Zeros_or Poles = 'POLES’ then

writeln(’NUMERATOR Transfer Functio
Input -- COEFFICIENT Form'

else
begin

write(’CO FFICIENT Form ---'

TextColor %htmagenta?°

if not luen

writeln ’nghest ?e r?e coefficient

end;
HighVideo;
%f NCoeff > NCoeff_old then
e
%or } =1 to NCoeff 0ld - NCoeff do
or =NCo ?1d + 1 downt 1 do
ilvar i+1 = Filvar?'?'
end;

if NCoeff < NCoeff_old then
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FILE: POLE.INC Program Listing Page 3

begin
for %:: 1 to NCoeff old - NCoeff do
or 1:= 1 1o NCTeff old_+ 1_do

4 Filvar[i] := Filvar[i+1];
end;

VertPos:=4;
for i:=NCoeff+1 downto 1 do
begin
:=NCoeff+1 - %;
osCounter := % mod 4) + 1;
HorizPos := PosCounter * 14:
If PosCounter = 1 then VertPos := VertPos + 2;

if %<>11 then{prompts for coeff input)
e
m%g '’s +’,HorizPos,VertPos);
str(i-1:2,EXponent);
mgg Exponent,HorizPos+1,VertPos-1);
nd;

end;

str((20+NCoeff+1):2,strg); {(sets up and calls
input andler?

specification := concat(’'N21’,strg);
Input_handler(specification,escape);
for j:= NCoeff+1 downto 1 do

i
I?Filvar NCoeff+22—%E, est,code);
code = then Coeff[j]:=test:

(o8
S

e

g
va
bl
end
end;

et el

by

ey
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FILE: POLYNOM.INC Program Listing Page 1

procedure characteristic_equation(var A3:aryls;
- var N:integer;
var CZ:ary4?:

{This procedures computes the characteristic equation
pol nngals coefficients by using the principle-minor

metho

label 10:1label 20;label 30;label 40;label 50;

Jabel 6@:1abel 15: label 70:label 8031label  90;

label 100:;1label 1:label 2;label 5;

var
B3, A1 taryls;
%?Seger_vector rary6;

: array [1..28®J.of real;
mm,ii,l,m,1i,kk,nr,nc,k1,1il1i, .
counter mfm,even,nn,k,ji,n1,m1 tinteger;
temp value,det,det correction,
deteTminant_old,determinant,value_c2,value :real;

begin
nn:=n+1;
gor_i:=1 to nn do
egi
%2?1]-—@ Q;
end;
C2?nn]'=1.0;
for m:=1 to n do
begin
t=0; 1l:=1;
integer_vector[1]:=1;
&oto H

23
1:1nt?§er vector[l]:=inte§er_vector[1]+1;
2:1 -m) > @ then %oto D
if (1-m) = @ then goto 5;
mm:=m-1; .
for i:="1 to mm do -3
begin .
1i:=i+1; 7
énteger_vector[ii]:=1nteger_vector[i]+1; -1
end;
5:for i:=1 to m do -
be§in F
or kk:=1 to m do -3
begin 5
nr:=integer_vector i&' 0
nc:=integerTyector[kk]; "
B3 i,kkﬁ::AB nr,ncl; "y
end; )
end; Y
k:=k+1; ,
counter := 0; :j
for i1i:=1 to M do NS
beﬁln g,
borij1:=1 to M do ~]
e ~
R1Ti14,91]:= B3[111,3171; 1
end; -
end;
for i1i:= 1 to M do
Beﬁin
1:=111;
E?:i£1Ai[k1,i1i] <> 0.0 then goto 10;
t=k1+17¢
if (k1-M) <= @ then goto 30;
goto 40;
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FILE: POLYNOM.INC Program Listing Page 2
%f 5111 k1) > @ then goto 40;
1) ® then goto 70;
for m1 to M do
Be%l
p value: -A1F 1i,m1m
1Li1i,m1 ] =AT Lk m1m
31 kK1,m1m t=temp__ value,
&nd;
counter:-= counter+1
T@:iic=1i11+1
if ii » M then goto 20;
for mim:=ii to M do
Begin
if AM[mim,i1i] = @ then goto 80;
value =A1tm1m,i1i / A1f111,11i :
or nl:= 111 to M™d
be§1
1[mim,n1]:= A1[(mim,n1] - A1[i1i,n1] * value;
end
80 :End;
20:End;

.0
for 111'-1 to M do
beﬁ
t:=det * A1[i1i,1i11i];

end;
det correction: g( counter * lné .2));
det®rminant old'-de correction et;

even:= counter mod 27

if even <> O then goto 60;
determinant := determinanf _old;
goto 50;

60: determlnant‘-—determinant _old;
goto 50 ;

49 :determinant: =0.0;

50:D10[k 4:=determinant;
fo ¢ = to m do

be

: i+1;

f ?1nteger vector[1l]-(n-m+1)) > @ then goto 90;
£ (

integer_vector[1]-(n-m+l1)) < @ then goto 1;

ml:=n-m+1;
value 02'-exp§ m * 1In(1.0));
even:= m mod
for 1i:=1 to k do

begin
if even = 9 then
begin
value c2:=value c2;
goto 15; -
end;
if even <> @ then
begin
4 value_c2:=-1.0 * value_c2;
en
15-cé[m1] %[m11 + ?10&31 * value c2;
value_c?2 -exp
end;
d;goto 1?0-
:wgiteln 'Brror in characteristic equation’);
end;
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FILE: ROOTFIND. INC Program Listing Page 1
{ This_procedure uses modified BARSTOW ?ethod to

calculate the

PROCEDURE root_finder(var n:integer;

{ label decleration for the GOTO statement)

label
label
label
label
label

var

label 4;
labe
ilabe
abe
abe

~JUNA—=A
U'ISMW
s
L

irev,i,nc,m
pnq,r,f,e,Cb
H,B,C: array

HER

o s0 00 00
. e

] <
;

Qug——-
H =

1
:I:c-f‘o‘-

S el U
[am 8]
[N
+3

H<IOB W00
0

o)

[SSSTTN (I I W TR L2 21

ss O oo W..O
et
—r e
HO~I=NUFDANR P o D INOQS e

NSNS LT | See
ENOVIREE S TS WO R \ 1o

a2

e} Xe)
WO Hctll it kil

S<AHOIMTAC 1 ~H0 I 00 I HeeS

B gRod - I=-pR
fesjasizsta]
[t B

<R I

G 00~ T I -

S t_n-J:nu
. sol {3
u B0

Q

.

It ee | sact ll
SISO UNe v T b—‘

—=H =T 0 QD

. My .
Q QI =S~
e BN @ I NP

e v,

,nl,np,j,il:integer;

r
3'2 A?C do

{initialization}

Q.

- - Y " 2
PR AT T AR NP A R T Sl Bl I AR R S A S S A T T N I B S AR RO o N L W Y W,

NN RN Ut PP

roots of the polynomial

var A: ary4
var u,v:ary3s;
var ir: 1nteger)

o
”

| A g ¥ ol o o

label 7;label 9;label 10;1label 13;
9; el 20; label 23 1abel 30

2 bel 34:label 36;1ab e

2:label 53: labe b:%abel 7é label 73;
6:1abel 87:

lab
la
] 1

1 1abel 82; iabel 100;

~JUNA e

s
14
b4
»

il
S e LN

ar,d,qp,pp:real;
[1..21] of real;

>

take given values)

N KV AL e T Y e

R

> @ then goto 4;

, (e
.
1

-0

—
.o 0,
(o)

@ then goto 100; -
e

t
then goto 7;

Nv
VAR YR =~

® then goto 9;

wewe A LI i

11/H[nc])-abs(H[2]/H[1])) >= 0.0

wewe Oy L1 d
3
-0
O

B
o)
o

+
:ﬂ—‘—‘
[ oam AJ
[
(-

*tjlllv—‘

then goto 13;

@ then goto 19;
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FILE: ROOTFIND. INC Program Listing

U[%c+1 t= —-sqrt(f);
oto :
§1:U nc+1}:=—épp/abs(pp)) * ( abs(pp) + sqrt(f));
82:Vinc+1]:= .0
UEnc = qp/Ulnc+1];
Vinc =0.0;
76:for_i:=1 _to nc do
H?l]:= B[i+2];
oto 4;
1@@:%nd;

ca s W I

DL L NN

Pzl
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